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alike.  But  a  closer  scrutiny,  under  a  lens,  will 
reveal  rugged  individualism  most  unbecoming 
For  twins.  So  it  is  with  laminated  bakelite 
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Synthane  Wrapped  Tubing  worth 
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prpcessed  from  the  finest  base 


materials  procurable.  Every  step  —  Impreg¬ 
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grade  for  grade  and  size  for  size.  Fre¬ 
quent  and  rigid  inspections  insure  absolute 
uniformity  in  physical  properties, 
machining  qualities,  structural 
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RESISTANCE  ELEMENT 

Conducting  material  applied  to 
Bakelite  base  with  automatic 
machinery  gives  scientific  control 
of  taper.  The  use  of  Bakelite 
makes  possible  permanent  bonding 
at  high  temperature. 


HUMIDITY 

CHARACTERISTICS 

Non-hygroscopic  bakelite  base  pre¬ 
vents  absorption  of  moisture.  Only 
a  small  change  in  resistance  occurs 
at  90%  relative  humidity  at  40°  C. 
Upon  drying,  the  control  returns 
to  its  original  value. 


VOLUME 

CONTROLS 


USING  TIME-PROVED 
RESISTANCE  PRINCIPLE  OF 
*WeJtallhp/i  RESISTORS 


QUIET  OPERATION 

Unique,  three  finger  contact  with 
spherical  convex  surfaces  assure 
smooth  change  in  resistance  and 
low  noise  level. 


Metallized  Resistors 

need  no  introduction  to  Pra 
the  radio  trade.  Now  conies 
this  same  well-known  resist- 
ance  principle  applied  to 
Volume  Controls  to  form 
units  of  outstanding  quality. 

Rememher:  For  two  years 
prior  to  this  general  an¬ 
nouncement  IRC  Volume 
Controls  in  goodly  quantity 
saw  service  in  radio  receivers 
made  by  numerous  manufac¬ 
turers  who  now  use  them 
regularly. 

There  can  be  no  more  con¬ 
vincing  proof! 

Samples  to  your  specifications  glad¬ 
ly  sent/  Write  for  Catalog  M-26 
describing  this  new  IRC  deoelop- 

ment  in  detail.  TAPPED  CONTROLS 

The  IRC  method  of  making  fourth 
terminal  contact  eliminates  ob¬ 
structions  in  the  path  of  the  slider, 
thus  allowing  a  smoother  increase 
in  resistance  and  lower  noise  level 
at  the  tapped  point. 


WEAR 

Average  change  in  resistance  is 
less  than  10%  with  50,000  rota¬ 
tions. 

FLEXIBILITY 

Standard  controls  from  200  ohms 
to  2  megohms.  Can  be  made  as 
high  as  10  megohms.  Special  re¬ 
sistance  curves  supplied  to  order. 


SWITCH 

Underwriter’s  Approval.  Low  In¬ 
ternal  resistance  makes  it  suitable 
for  auto  radio  use. 


LOAD  CHARACTERISTICS 

Will  carry  up  to  1  watt  with  power 
dissipated  over  entire  element. 


INTERNATIONAL  RESISTANCE 
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Television 


the  transmitter  problem  and  Federal  funds 


Tkm.vision  is  here,  and  ready  tor  the  public,  so  far  as  receiver  technique  is  concerned. 

I  here  can  be  no  doubt  of  that  in  the  mind  of  anyone  who  has  made  the  rounds  of  the 
laboratories  where  serious  work  is  bein^  done.  Television  pictures  today  are  clear,  well 
illuminated,  and  compare  in  quality  and  detail  with  home  movies. 

But  the  transmission  problem  in  television  introduces  tremendous  difficulties,  chiefly  financial. 

I  o  provide  television  programs  throughout  the  country  would  require  an  initial  investment  esti¬ 
mated  at  fifty  to  two  hundred  million  dollars  or  more. 

I  his  sum  seems  staggering  to  private  capital.  But  to  a  government  that  is  handing  out  billions 
for  purposes  that  seem  less  constructive,  even  $200,000,0(10  for  television  is  not  unthinkable. 

Tld.I  A’lSlON  transmitters  really  have  a  sounder  claim  to  government  financing,  in  the 
present  unemployment  situation,  than  do  npny  other  enterprises  that  have  received 
generous  federal  aid.  For  each  television  transmitter  built  zvill  he  the  means  of  initiate 
iny  the  manufacture  of  thousands  of  television  receivers,  involving  starting  up  factories,  restor¬ 
ing  employment,  and  injecting  vast  new  impetus  into  the  lagging  machine  of  national  business. 
Indeed,  television  may  be  the  long-sought  “new  industry”  to  pull  us  out  of  the  depression. 

From  a  social  and  governmental  standpoint  alone,  the  implications  of  nation-wide  television 
are  tremendous.  What  would  it  mean,  for  example,  to  further  national  unity  of  thought  and 
purpose,  if  at  the  time  of  the  President’s  delightful  fireside  chats,  he  could  he  seen  as  well  as  heard? 

BL”1'  how  many  homes  will  purchase  television  receivers  at  $200  to  $.U)0  apiece,  under 
present  conditions,  one  naturally  asks.  Already  a  paternally-minded  government  has 
provided  for  financing  these  television  receivers,  under  the  terms  of  its  Tennessee  Valley 
authority,  which  is  empowered  to  make  long-term  loans  for  the  purchase  of  home  electrical  ap¬ 
pliances,  and  at  the  discretion  of  its  directors,  to  make  such  loans  available  to  citizens  in  all  parts 
of  the  country.  Thus  the  New’  Dealers  solve  the  problem  of  aiding  the  customer  to  buy. 

To  many  conservative  radio  and  electrical  men,  this  picture  of  widespread  government  aid 
to  our  new’  infant  prodigy  of  television,  will  seem  repugnant.  But  other  less  worthy  causes  have 
already  sought  federal  aid  and  have  prospered.  If  nation-w'ide  television  can  come  only  with 
government  aid,  perhaps  scruples  of  old-time  rugged  individualism  must  be  forgotten,  and  this 
1935  miracle  of  ours  be  ushered  in  by  new-deal  financial  methods. 

At  all  events,  television,  large  in  its  employment  possibilities,  is  now’  “waiting  at  the  gate”  of 
a  world  that  has  long  sought  a  new’  industry  to  pull  it  out  of  the  depression. 


TELEVISION:— A  SURVEY 


New  methods  produce  pictures 
of  high  entertainment  value 


picture  24  times  a  secoml  re<iuires  a  maximum  com¬ 
munication  channel  2,048  kc.  wide.  (Broadcasting  sta¬ 
tions  today  are  allowed  10  kc.  of  space  in  the  ether 
spectrum.)  To  he  sure,  the  tremendous  hand  width  of 
2048  kc.  is  not  absolutely  essential  for  satisfactory  pic¬ 
tures,  hut  it  is  generally  agreed  that  1,000  kc.  will  he 
required  for  every  television  channel. 

This  technical  limitation  is  the  most  far-reaching  of 
the  many  which  confront  television  workers.  It  requires 
transmitting  and  receiving  circuits  of  great  complexity 
and  high  cost ;  it  limits  the  available  wave-hand  for 
broadcast  television  to  the  ultra-high  frcciuencies  between 
30,000  kc.  and  300,000  kc.  (10  and  1  meters);  and 
finally  it  makes  the  use  of  conventional  wire  lines  for 
television  program  distribution  to  a  network  of  stations 
a  practical  impossibility.  The  use  of  the  ultra-high  fre¬ 
quency  band  entails  limited  coverage,  since  the  signals 
are  useful  only  as  far  as  the  optical  horizon ;  the  mati- 


ELEVISIOX 


I  the  time  ripe,  and  not 
^  '  before.  But  there  is  no 
definite  agreement  on  just  what  constitutes  the  “ripe” 
time ;  in  fact  there  is  a  wide  divergence  of  opinion.  The 
engineers  are  asked:  “Is  television  ready  for  the  public?” 
The  executives  wonder  if  the  public  is  ready  for  tele¬ 
vision.  Both  of  these  questions  are  difficult  to  answer ; 
but  they  are  made  all  the  more  so  because  little  definite 
information  has  been  available. 

In  an  effort  to  dispel  some  of  the  confusion  which 
surrounds  television  development,  Electronics  has  under¬ 
taken  a  comprehensive  survey  of  the  field,  enlisting  the 
cooperation  of  comjianies  known  to  be  actively  engaged 
in  television  research.  In  each  case  the  laboratory  of 
the  company  has  been  visited  and  its  engineers  inter¬ 
viewed.  The  results  of  this  work,  compiled  from  the 
actual  insp)ection  of  the  principal  systems  of  television 
and  from  interviews  with  a  dozen  men  prominent  in 
its  development  are  presented  on  the  following  pages. 


Transmitter 


Moolwlflrft>r 


controls 


Horizon+al  dtfVc+ing 
and  iynchronijlng 


The  essential  problems  of  television 

The  degree  of  satisfaction  which  the  reception  of  a 
television  image  can  give  the  observer  is  determined 
among  other  things  by  the  detail  of  the  image.  This 
detail  is  in  turn  determined  by  the  number  of  scanning 
lines  into  which  the  picture  has  been  cut  during  trans¬ 
mission.  The  numlier  used  today  varies  from  60  lines 
to  above  400  lines.  E.  W.  Engstrom.has  argued  that 
pictures  capable  of  sustaining  human  interest  must  con¬ 
tain  at  least  200  lines ;  others  feel  that  120  are  sufficient. 
The  simpler  systems  employ  120  lines,  while  the  cathode- 
ray  systems  use  240  or  higher. 

To  produce  the  illusion  of  motion,  many  complete 
pictures  must  be  transmitted  each  second.  The  standard 
projection  rate  of  motion  pictures,  24  per  second,  has 
been  adopted  by  most  workers  in  the  field. 

These  two  factors,  the  number  of  scanning  lines  per 
picture  and  the  number  of  pictures  per  second  are  most 
important  because  in  the  transmission  of  any  given 
image  they  determine  the  highest  frequency  in  the  tele¬ 
vision  signal.  If  the  degree  of  detail  is  the  same  in 
both  horizontal  and  vertical  directions,  and  if  the  pic¬ 
ture  length  is  1^  the  width,  then  to  transmit  a  240-line 
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Block  diagram  of  a  typical  cathode-ray  television  system, 
showing  the  necessary  visual  and  synchronizing  channels 


made  interference  from  automohile  and  airplanes  is 
heavy  in  this  region ;  and  as  yet  no  one  knows  how  to 
build  a  really  high-power  transmitter  for  these  fre¬ 
quencies. 

In  the  effort  to  overcome  the  problems  of  television 
in  the  least  expensive  way  several  different  systems  have 
been  developed.  These  systems  are  characterized  by 
the  metho<l  used  to  pick-up  and  scan  the  image  before 
transmission  and  by  the  method  used  to  recreate  the 
image  after  the  television  signal  has  been  received  and 
amplified.  The  intermediate  circuits  and  transmission 
paths  between  pick-up  and  reproducer  are  largely  sim¬ 
ilar  in  all  systems,  being  simply  extensions  of  common 
practice. 


Among  the  men  Interviewed  in  this  survey  are  the  following: 
W.  R.  G.  Baker,  P.  T.  Farnsworth,  J.  V.  L.  Hogan,  W.  E.  Holland, 
A.  F.  Murray,  W.  H.  Peck,  W.  H.  Prless,  and  Arno  Zillger. 
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OF  PRESENT-DAY  SYSTEMS 

Hish  cost  of  transmission  an 
obstacle  to  commercialization 


1  he  three  classes  of  systems  now  heint^  developed 
are,  in  order  of  coni])lexity :  the  mechanical  systems,  the 
light-valve  projector  systems:  and  the  cathode-ray  sys¬ 
tems. 

One  of  the  most  significant  advances  in  the  television 
art  was  announced  last  January  hy  engineers  of  the 
IvCA-Victor  Company,  Camden,  with  the  jmhlication  hy 
\  .  K.  Zworykin  of  his  I.R.IC  ])a])er  on  the  iconosco])e 
(  Image-ohserver ).  This  device  bridges  a  great  gaj) 
in  that  it  jrennits  a  storage  of  the  light  of  each  element 
of  the  ])ictnre  fnnn  one  scanning  jreriod  to  the  ne.xt, 
thereby  greatly  increasing  the  available  ontjiut. 

Light-storage  principle  of  Zworykin  inconoscope 
produces  great  sensitivity 

'The  icrmoscope  is  an  evacuated  tube  containing  a 
source  of  cathode  rays  (electron  gun),  and  a  s]H*cially 
(>re{)ared  ])hotosensitive  surface.  This  surface  is  in 
reality  a  mosaic,  being  composed  of  millions  of  minute 
droplets  of  caesium-o.xide-silver  deposited  on  a  mica 
sheet,  isolated  and  insulated  from  one  another.  The 
grain  of  this  mosaic  is  extremely  fine,  finer  by  far  than 
the  maximum  numlier  of  points  reipiired  in  the  television 
image.  Behind  the  mica  plate  (on  the  opjuisite  side 
from  the  mosaic)  is  a  metallic  coating  known  as  the 
signal  plate,  b'ach  elemental  droplet  of  the  mosaic  and 
this  signal  plate  act  as  the  two  plates  of  a  condenser,  so 
that  there  is  a  myriad  of  individual  condensers  all  having 
one  common  jilate.  The  mica  dielectric  is  Hat  and  of 
uniform  thickness. 

The  image  to  be  televised  is  focussed  on  the  jihoto- 
electric  mosaic  hy  means  of  a  lens.  The  light  from 


Studio  technique,  as  practiced  by  engineers  of  the  Philco 
radio  and  Television  Corporation.  The  operator  has  con¬ 
stant  visual  and  aural  check  on  the  proceedings 


each  element  of  the  picture  causes  electrons  to  be  freed 
from  the  corresponding  element  of  the  mosaic,  the  num¬ 
ber  of  freed  electrons  lx.‘ing  projiortional  to  the  intensity 
of  light  falling  on  that  {)articuiar  element.  The  freed 
electrons  flow  through  the  vacuum  to  an  anode-coating 
on  the  side  of  the  tube,  leaving  the  element  charged 
positively.  The  signal  plate  and  each  element  constitute, 
therefore,  a  charged  condenser,  the  amount  of  charge 
being  pro])ortional  to  the  light  on  that  element. 

It  remains  to  discharge  these  condensers  in  the  proper 
scanning  succession  in  order  to  utilize  the  voltage  across 
them  as  a  television  signal.  This  discharge  is  accom¬ 
plished  bv  the  use  of  a  cathode-ray  beam,  which  is 
directed  from  the  electron  gun  to  the  surface  of  the 
mosaic  and  caused  to  scan  it  by  magnetic  deflection.  The 
cross-section  of  the  cathode-ray  beam,  as  it  impinges 
on  the  mosaic,  is  sufficiently  large  to  cover  many  ele¬ 
ments  of  the  mosaic  at  the  same  time,  and  hence  the 
size  of  the  beam  determines  the  degree  of  detail  of 
the  picture. 

It  will  be  seen  that  during  the  time  between  successive 
scannings  (2’^  of  a  second),  the  light  falls  continuously 
on  the  elements,  and  during  that  time,  the  positive 
charge  collected  on  each  element  increases  continuously. 
A  correspondingly  large  voltage  builds  up,  and  is  avail¬ 
able  for  signal  purposes  when  discharged  by  the  cathode 
beam.  This  j)rocess  of  light-storage  accounts  for  the 
great  increase  in  sensitivity  over  previous  photoelectric 
pick-up  devices. 

Outdoor  scenes,  even  in  the  dullness  of  a  500-foot- 
candle  illumination,  can  be  picked  up  with  ease  by  the 
iconoscope  and  with  a  degree  of  detail  far  greater  than 
the  rest  of  the  transmission  system  can  handle. 

Direct  outdoor  pick-up  possible  with 
Farnsworth’s  image  dissector 

Philo  T.  Farnsworth  of  Television  Laboratories,  Ltd.. 
Philadelphia,  has  developed  a  cathode-ray  scanner  of 
unusual  design,  which  has  the  tentative  name  of  “image 
dissector.”  This  device,  used  in  much  the  same  fashion 
as  a  motion  picture  camera,  will  pick  up  outdoor  scenes 
in  sunlight,  or  even  on  cloudy  days.  The  operation  of 
the  dissector  is  based  on  the  use  of  a  flat  metal  plate 
having  a  uniform  photosensitive  surface  (caesium-oxide- 
silver)  which  is  i)laced  at  one  end  of  an  evacuated  glass 
bulb.  At  the  other  end  of  the  tul)e  is  a  metallic  surface 
which  acts  as  an  anode. 

The  scene  to  be  televised  is  focussed  (by  means  of 
a  camera  lens)  on  the  photosensitive  plate.  Under  the 
influence  of  the  light,  each  point  on  the  plate  emits 
electrons,  the  number  of  electrons  emitted  in  a  given  time 
being  proportional  to  the  brilliance  of  that  point  in  the 
optical  image.  The  optical  picture  is  thus  transformed 
into  a  picture  in  electrons.  The  electrons  are  attracted 
to  the  positive  anode  at  the  other  end  of  the  tube,  but 
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since  all  the  electrons  are  negative  and  tend  to  repel  one 
another,  the  "picture”  diverges  as  it  travels  to  the  anode. 
To  counteract  this  effect  a  magnetic  held  is  applied 
outside  the  tube  which  brings  the  electrons  into  focus 
at  the  other  end  of  the  tube. 

By  means  ot  two  additional  magnetic  helds,  the  entire 
electron-image  is  moved  bodily  past  a  small  square 
aperture.  This  aperture  which  leads  to  another  section 
of  the  same  tube,  receives  the  electrons  from  each  ele¬ 
ment  of  the  picture  in  the  correct  scanning  succession, 
i.e.,  240  lines  per  picture,  scanned  line  after  line  until 
the  picture  is  completely  covere<l,  and  then  reix*ated  24 
or  30  times  a  second. 

At  the  other  side  of  the  aperture,  but  still  a  part  of 
the  same  vacuum  tube,  is  an  electron  multiplier  (see 
Electronics,  August,  1934,  pages  242,  243)  which  multi¬ 
plies  the  electron  stream  by  approximately  1,000  times, 
using  secondary  emission  tor  this  purpose. 

Direct  scanning  of  outdoor  scenes  is  possible  because 
of  the  amplification  afforded  by  this  electron  multiplier. 
This  adjunct  to  the  image  dissector  consists  of  two  plates 
having  surfaces  of  high  secondary  emission  character¬ 
istics.  The  stream  of  electrons  entering  the  multiplier 
from  the  aperture  impinges  on  one  of  these  plates.  I'he 
secondaries  liberated  thereby  (from  two  to  eight  times 
as  many  as  the  original  stream)  are  attracted  to  the 
second  plate  and  there  rei)eat  the  process.  The  signal 
is  progressively  amplified  in  this  manner  until  the  out¬ 
put  is  roughly  1,000  times  that  of  the  original  beam. 


Kerr-cell  used  in  the  Peck  receiver.  This  tiny  device  acts 
as  a  light-valve 


indirectly  heated  catluKle  and  immediately  come  under 
the  influence  of  the  signal  electrcnle  or  control  grid  which 
modulates  the  beam  intensity  in  accordance  with  the  tele¬ 
vision  signal  voltage  apiilied  In'tween  it  and  the  cathode, 
riie  iiKKlulated  beam  then  comes  under  the  influence  of 
two  aiUHles.  The  first  aiKnle  imparts  acceleration  to  the 
electrons,  and  at  the  same  time  provides  aiK*rtures  which 
limit  the  angle  of  emergence  of  the  beam.  The  second 
anode.  oiK*rating  at  a  liigher  potential  than  the  first,  is  a 
conducting  surface  on  the  inner  walls  of  the  tube,  and 
serves  the  puqiose  of  bringing  the  electron  beam  to  a 
fine  point  at  the  jilane  of  the  fluorescent  screen. 

(  hitside  of  the  tube,  magnetic  coils  i)rovidc  fields  which 
cause  the  nio<lulated  electron  beam  to  deflect,  in  a  hori¬ 
zontal  direction  for  the  scanning  lines,  and  in  a  vertical 
direction  for  the  i)icture  reixtition.  These  coils  must  lx 
fed  with  current  of  a  ixculiar  wave-sha|x*,  known  as  a 
"saw-tooth”  wave.  The  beam,  while  drawing  one  line 
of  the  image,  is  caused  to  move  across  the  screen  at  very 
nearly  constant  velocity.  When  it  reaches  the  end  of  the 
line,  the  beam  is  extinguishe<l  and  returns  very  quickly 
to  the  start  of  the  next  line.  During  the  return,  time  is 
available  for  the  transmissi»»n  of  a  synchronizing  sign.al 
to  keeji  the  transmitter  and  receiver  in  stej). 

The  fact  that  the  picture  size  obtainable  is  definitely 
limited  by  the  size  of  the  fluorescent  screen  is  no  longer 
so  im]»ortant.  Tubes  which  have  sufficient  brilliance  for 


vnt  tu 
come. 


Cathode-ray  reception  methods  provide  wide 
range  of  detail — RCA  Victor  and  Philco 

The  cathode-ray  receiver  has  been  the  subject  of  an 
immense  amount  of  experiment  during  the  jxist  five 
years.  The  results  of  this  research  have  produced  a  tv-jx 
of  receiver  and  reproducer  which  is  more  or  less  stand¬ 
ardized.  The  three  major  exjxjnents  of  cathode-ray  tele¬ 
vision  (RCA  Victor,  Philco,  and  Television  Labora¬ 
tories)  now  use  receivers  which  differ  from  one  another 
only  in  minor  respxcts.  The  tollowing  description  will 
serve,  therefore,  to  illustrate  the  methods  used  in  recep¬ 
tion  by  these  three  companies. 

The  heart  of  the  cathode-ray  receiver  is  the  reproducer 
or  cathode  ray  tube,  which  has  various  names  such  as 
kinescopx,  oscillite,  etc.  deixnding  u}X)n  the  company  de¬ 
veloping  it.  This  tube  differs  from  the  ordinary  cathode- 
ray  tube  in  that  there  are  several  auxiliary  controls  for 
the  electron  stream.  The  electrons  are  emitted  from  an 


One  form  of  the  Farnsworth  Image 
dissector.  This  cathode-ray  scanner  is 
capable  of  televising  outdoor  scenes 
by  virtue  of  the  electron  multiplier 
(shown  at  left  of  tube)  which  amplifies 
its  output  1000  times 
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A  disc  of  cast-glass  lenses,  silvered  on  the  back,  reflects  the 
light  from  the  Kerr  cell  to  the  viewing  screen 


u‘i»rojection.  and  which  still  retain  the  desirable  ((ualities 
of  rapid  res|H)nse  are  the  subject  of  research  at  the  pres¬ 
ent  time,  and  it  ap|K*ars  that  this  limitation  will  he  over¬ 
come,  It  has  been  stated  that  when  this  difficulty  is 
brought  under  control  the  cath(Kle-ray  system  will  defi¬ 
nitely  he  the  most  flexible  of  all  the  systems  nf)w  in  o]K*r- 
ation  or  projiosed. 

Polarized  light  used  in  William  H.  Peck's 
optical  system 

I’ictures  of  considerable  entertainment  value  have  l»een 
successfully  pro<luced  by  William  H,  Peek,  of  the  Peck 
Television  Corporation,  New  York.  The  essetuial  fea¬ 
tures  of  the  system  are  a  UKxlified  form  of  Kerr-cell  of 
extremely  small  size,  and  a  system  of  mirrored  lenses 
which  project  the  light  beam  from  the  cell  to  the  view- 
itig  screen. 

Transmission  is  accomplished  from  standard-size 
movie  film,  a  si)ecial  l,-44()-r.p.m.  motor  l)eing  used  to 
provide  a  rate  of  24  pictures  i)er  second  without  the 
use  of  gears.  The  vertical  scanning  is  accomplished 
by  the  continuous  motion  of  the  film,  while  the  hori¬ 
zontal  scanning  is  i^rformed  by  means  of  a  disc  con¬ 
taining  20  cast  glass  lenses,  each  mirrored  on  its  rear 
Nurface.  The  light  source,  an  auto  headlami)  of  21 
camllepower,  is  jilaced  within  a  unicpie  collecting  lens 


1  he  Zworykin  iconoscope,  the  essen- 
^  lial  element  of  the  television  camera 
I  shown  on  the  front  cover.  The  mosaic 
I  phite  (shown  inside  spherical  portion 
I  of  tube)  “stores”  light  between  scan- 
I  ling  periods,  thus  greatly  increasing 
>  sensitivity 


which  directs  into  a  beam  83^  per  cent  of  the  total 
light  available  from  the  entire  filament.  This  beam  of 
light  strikes  the  lens-disc  (which  is  rotated  by  means 
of  a  synchronous  motor)  and  is  reflected  by  the  lenses 
through  the  moving  film  to  the  photocell.  60-line 
transmission  is  u.sed  at  present,  but  this  rate  may  be  in¬ 
creased  by  increasing  the  s|)eed  of  the  scanning  wheel. 

'I'he  receiver  uses  a  modified  Kerr-cell  as  a  light  valve. 
This  cell,  which  consists  of  two  parallel  ])lates  mounted 
condenser  fashion  in  a  small  container  has  a  capacity 
of  only  6  uuf.  Hetween  the  jdates  a  solution  of  nitro¬ 
benzene  is  used,  this  liquid  having  the  property  when 
subjected  to  electric  stress  of  rotating  the  plane  of 
polarized  light  [)assing  through  it.  Light  from  an  auto 
headlani])  similar  to  that  used  in  the  transmitter  is 
polarize(l  by  i)assage  through  a  Nicol  prism,  and  is  then 
directed  thnnigh  the  Kerr-cell.  The  amount  of  light 
which  ])asses  through  the  cell  is  controlled  by  the  voltage 
which  is  applied  across  its  ])lates.  Hence  by  applying 
the  amplified  television  signal  to  the  cell,  the  amoimt 
of  light  which  passes  is  controlled  in  accordance  with 
the  signal.  About  1/20  watt,  at  1..300  volts,  is  requirefl 
for  o])erating  the  cell.  ^ 

The  modulated  beam  from  the  Kerr-cell  is  directed 
to  a  disc  containing  (>0  glass  castings,  which  is  rotated 
synchronously  with  the  disc  of  the  transmitter.  These 
castings,  mirrored  on  the  back,  serve  to  reflect  almost 
all  of  the  light  from  the  cell  to  a  viewing  screen.  Since 
there  are  6-degree  angular  displacements  between  ad¬ 
jacent  mirror-lenses,  the  beam  of  light  is  directed  to 
the  screen  in  scanning  setpience.  and  the  image  is  built 
up.  Pictures  12  by  14  inches  in  size,  and  of  such  bril¬ 
liance  that  they  can  be  viewed  in  a  lighted  room  with 
ease,  are  thereby  jwoduced.  Tbe  lens  castings  can  be 
manufactured  by  a  si)ecial  molding  process  for  6  cents 
each,  including  the  silvering.  A  complete  television  re¬ 
ceiver  of  this  type  can  be  marketed,  according  to  Mr. 
Peck,  for  al*out  $150. 

Mechanical  resonance  used  for  synchronizing 
receiver  and  transmitter — other  systems 

.\  system  based  on  the  Kerr-cell  ]>rinciple  is  being 
developed  by  William  II.  Priess  of  New  York.  The 
subject  is  scanned  by  a  sjwt  of  light  reflected  from  a 
light  source  hy  means  of  a  s|)ecially  mounted  mirror. 

riiis  mirror  is  so  arranged  that  it  can  vibrate  about 
two  axes  at  right  angles  to  one  another.  It  vibrates 
about  its  vertical  axis  at  the  scanning  frequency  (ap- 


1- l.bXTRONlCS  —  October,  1934 


303 


The  Priess  resonant  scanner:  1.  The  mirror.  2.  Line  fre¬ 
quency  magnet.  3.  Frame  frequency  magnet.  4.  Polariz¬ 
ing  coil.  5.  Line  frequency  tortional  rod.  6.  Frame  fre¬ 
quency  tortional  ^rod.  7.  Control  for  frame  frequency. 

8.  Adjustment  for  line  frequency.  9.  Lock  for  setting  line 
frequency.  10.  Lock  for  setting  frame  frequency 

proximately  5,000  cycles  per  second),  and  simultane¬ 
ously  about  its  horizontal  axis  at  the  picture  frequency 
(24  cycles  per  second).  The  excitation  of  these  two 
frequencies  is  supplied  magnetically  from  small  low- 
power  oscillators.  The  elasticity  and  moment  of  enertia 
of  the  system  are  so  proportioned  that  the  period  of 
mechanical  resonance  about  each  axis  can  be  adjusted 
to  a  value  very  near  that  of  the  desired  vibration,  and 
as  a  result  the  entire  system  tends  to  keep  in  step.  The 
power  required  to  maintain  the  vibrations  at  constant 
amplitude  is  correspondingly  very  small,  and  the  syn¬ 
chronizing  impulse  from  the  transmitter  can  be  of  any 
wave-form  and  of  low  power. 

The  scanning  motion  is  sinusoidal  in  character,  that 
is.  the  spot  moves  slowly  at  the  ends  of  its  ])ath  and 
fast  in  the  center.  Despite  this  fact,  the  light  field  as 
viewed  by  the  eye  is  uniform,  and  corrective  filters  can 
be  used  to  secure  even  greater  uniformity.  Because  of 
the  sinusoidal  scanning  velocity,  this  system  will  not 
produce  signals  which  are  interchangeable  with  those  of 
the  cathode-ray  systems,  in  which  the  scanning  velocity 
is  substantially  constant. 

In  the  receiver  the  television  signal  is  used  to  regu¬ 
late  the  light  output  from  a  Kerr-cell.  The  modulated 
light-beam  from  the  cell  falls  on  a*  mirror  mounted  in 
identical  fashion  wdth  that  of  the  transmitter,  and  tuned 
to  the  same  periods  of  mechanical  resonance.  The 
excitation  of  the  scanning  and  picture  frequencies  is 
supplied  at  the  receiver  by  energy  filtered  from  the  tele¬ 
vision  signal,  which  contains  synchronizing  impulses. 
These  impulses  may  be  of  very  low  power;  a  15  degree 
solid  angle  of  light  can  be  obtained  from  the  scanner 
with  power  inputs  of  ^  watt  for  the  scanning  frequency 
and  0.05  watt  for  the  picture  frequency.  The  motion 
of  the  entire  system  is  equal  about  the  neutral  ])osition 
of  rest,  and  as  a  result  no  continuous  stress,  either 
mechanical  or  electrical  is  encountered.  The  entire  scan¬ 
ning  mechanism  can  be  manufactured  for  tbe  cost  of 
an  ordinary  dynamic  loudsjieaker. 

A  system  of  scanning  and  viewing  using  a  spirally 
shaped  set  of  mirrors  rotated  by  a  synchronous  motor 
developed  by  Arno  Zillger  of  National  Television  was 


described  in  Sei)tember  Electronics.  The  resulting 
picture  as  viewed  by  the  Editors  can  be  enjoyed  through 
a  wide  angle  and  in  broad  daylight. 

U.  Sanabria,  well  known  for  his  large-scale  pictures 
is  stated  to  have  constructed  at  considerable  cost  a  150-line 
system  which  projects  its  image  on  a  screen  12  feet  in  size. 

It  is  said  that  a  carbon  dioxide  arc  j^rovides  the  illumina¬ 
tion  at  the  receiver. 

John  W  L.  Hogan  and  numerous  other  radio  engi¬ 
neers  have  done  considerable  work  on  mechanical  and 
electron  .scanning  which  with  other  systems  under  develo])- 
ment  will  be  described  in  Electronics  as  soon  as  details  are 
available. 

The  prospects  of  commercialization 

It.  appears  to  be  the  concensus  of  ojfinion  that  to 
launch  television  will  require  a  great  deal  of  money ; 
more,  ajqiarently,  than  any  company  is  willing  to  risk 
at  the  present  time.  The  possibility  of  a  government 
subsidy  for  a  .system  of  transmitting  stations  has  already 
been  proposed. 

.Since  it  appears  that  the  commercialization  of  tele¬ 
vision  will  remain  in  the  hands  of  the  industry,  the 
opinions  of  those  in  industry  carry  considerable  weight. 
t)ne  point  of  view  recently  expressed  is  directly  com¬ 
mercial.  The  chief  engineer  of  one  of  the  largest  radio 
companies  in  .Xmerica  expressed  him.self  as  being  re¬ 
luctant  to  see  television  introduced  while  the  industry 
is  enjoying  the  new  boom  for  all-wave  receivers,  which 
he  believes  will  provide  the  industry  with  jjlenty  to  do 
for  the  next  two  years.  He  expressed  his  opinion,  how¬ 
ever,  that  the  time  is  rii)e  to  begin  broadcasting  television 
with  one  high  power  transmitter  surrounded  by  a  few 
receivers,  in  a  sort  of  jniblic  laboratory,  so  that  the 
problems  of  public  accci)tance  can  be  worked  out  while 
the  all-wave  boom  is  still  oi)erativc.  When  that  is  over, 
television  wdll  be  in  a  position  to  take  its  place. 

A  different  point  of  view  is  taken  by  another  chief 
engineer,  likewise  of  a  corporation  of  the  first  rank. 
His  is  a  well- worked  out  jihilosophy ; 

1.  Novelty  interest  in  television  is  not  enough.  The 
public,  faced  with  a  .service  retjuiring  constant  attention, 
cannot  be  allowed  to  lose  interest  after  owning  a  receiver 
for  six  months. 

2.  Television  must  be  available  to  all  tbe  people  at 
once.  Otherwise  the  radio  business  will  be  killed  in 
those  cities  anticipating  the  coming  of  a  television  serv¬ 
ice  already  in  use  elsewhere.  Radio  is  not  in  a  position 
to  receive  such  a  blow. 


The  Farnsworth  camera,  containing  the  “image  dissector” 
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3.  The  art,  when  intnKluccd.  must  he  capable  of 
growth,  since  a  stagnant  industry  is  not  profitable  or 
wholesome.  Hut  such  growth  must  not  render  useless 
the  sets  already  sold  and  in  service.  h!ach  television 
receiver  must  retain  its  original  usefulness,  in  the  same 
way  that  the  crystal  .set  can  still  he  used  for  broadcast 
recejuion. 

4.  Sitice  the  technical  progress  is  at  j^resent  so 
rapid,  any  attempt  to  “freeze"  the  art  at  this  stage  of 
the  game  would  be  wasteful  and  uneconomic.  Further 
technical  advances  might  he  made  inapi)licahlc  bv  virtue 
of  the  ijivestment  in  a  given  system.  When  technical 
])rogress  begins  to  slacken,  commercialization  may  be 
safely  assumed. 

5.  Sut'ticient  money  must  be  in  the  hands  of  the  manu¬ 
facturers  and  the  broadcasters  to  insure  jniblic  accept¬ 
ance.  This  includes  money  for  installing  and  main¬ 
taining  a  sufficient  number  of  tran.smitters  to  serve  more 
than  half  the  ])opulati(m.  and  for  i)rograms. 

(>.  'I'he  i)uhlic  must  have  enough  money  to  huv  a  set 
(which  at  present  indications  will  cost  in  the  neighbor¬ 
hood  of  $200.  not  counting  the  cost  of  the  sound  re¬ 
ceiver),  and  to  rei)lace  it  (K'casionally  with  a  better  one. 
This  implies  better  economic  conditions  than  those  of 
the  present. 

The  sum  and  substance  of  the.se  arguments  are:  Wait 
for  better  times,  and  fill  in  the  technical  gaps  meanwhile. 


Another  leading  television  exi^erimenter  has  different 
ideas  on  the  subject.  He  says,  “The  reason  we  don’t 
have  television  today  is  that  no  coordinated  program 
has  been  undertaken  by  an  organization  having  ( 1 )  en¬ 
gineering  competence,  (2)  capital,  (3)  an  adequate  trans¬ 
mitter,  (4)  adequate  program  material  with  sound,  and 
(5) — most  important — a  supply  of  receivers  good 
enough  and  cheap  enough.  All  of  these  prerequisites 
are  available  today.’’  This  man  has  been  providing  tele¬ 
vision  programs  for  the  benefit  of  experimenters  con- 
tin’uously  since  1928,  and  has  been  working  since  that 
time  toward  simplified  television  cheap  enough  for  wide 
distribution  and  adequate  to  place  it  beyond  the  novelty 
stage.  In  his  opinion  neither  the  mechanical  nor  the 
cathode  ray  system  has  definitely  demonstrated  its 
superiority  over  the  other.  Xor  does  he  believe  that  the 
medium  short  waves  are  totally  unsuited  to  television. 
Television  must  be  introduced  gradually  and  simply, 
starting  if  need  be  with  the  equipment  now  available. 

It  may  well  be  argued  that  the  radio  industry  is  in  no 
position,  financially  or  otherwise,  to  undertake  the  great 
task  of  introducing  television.  Certainly  every  effort 
must  be  made  to  keep  the  public  from  rushing  the  in¬ 
dustry  into  a  half-formulated  and  incomplete  program. 
But  the  caution  dictated  by  this  fact  should  not  be  al¬ 
lowed  to  hide  a  reactionary  and  academic  reluctance  to 
undertake  the  job. 
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Receiving 

light 

source  and 
color 

Method 
of  light 
modu- 
1  lation 

i 

Method  of 
image 
recreation 

Type  of 
screen 

CATHODE-RAY  SYSTEMS 

Philco  Radio 
and  Televi.sion 

studio 

him 

outdoor 

cathode- 

ray 

"camera 

tube” 

240  to 
360 

24  to 

60 

mosaic 

plate 

separate 

signal 

fluorescence 

(green) 

control 

electrode 

cathode-ray 

tube 

fluorescent 

RCA- Victor  (^o. 

studio 

film 

outdoor 

cathode- 

ray 

"icono¬ 

scope” 

240  to 
360 

24  to 

60 

mosaic 

plate 

separate 

signal 

fluorescence 

(green) 

control 

electrode 

cathode-ray 

tube 

fluorescent 

Television  Labs 
(P.  T. 

Farnswortht 

studio 

film 

outdoor 

cathode- 

ray 

"image 

dissector’ 

240 

30 

uniform 

plate 

separate 

signal 

fluorescence 

(green) 

control 

electrode 

cathode-ray 

tube 

fluorescent 

1.  V.  L.  Hoftan 

studio 

film 

mechan¬ 
ical  (not 
disc) 

120-60 

20-24 

photocell 

transmitted 
signal;  also 
power  sys¬ 
tem 

glow-lamp 

(white) 

direct 

mechanical 
(not  disc) 

projection 
&  direct 

fluorescence 

(green) 

(white) 

control 
electrode 
&  special 

cathode-ray 

tube 

fluorescent 

cathode- 

ray 

300-60 

20-24 

-30 

MECHANICAL-OPTICAL  SYSTEMS 

International 

Television 

(W.H.Priess) 

studio 

film 

resonant 

mirror 

60-120 

24 

photocell 

transmitted 
signal  plus 
resonance 

incandes¬ 
cent  lamp 
(white) 

Kerr  cell 

resonant 

mirror 

projection 

Pec^  Television 
(W.  H.  Peck) 

film 

mirrored 
lens  disc 

60-120 

24 

photocell 

power 

system 

incandes¬ 
cent  lamp 

Kerr  cell 

mirrored 
lens  disc 

projection 

(white) 
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Characteristics  of 


German  radio 


receivers 


By  WILHELM  E.  SCHRAGE 


MPROVEMENTS  made  in  German  radio  sets  dur¬ 
ing  the  past  year  were  demonstrated  by  some  250 
manufacturers  at  the  recent  annual  Berlin  show.  Not 
only  are  the  sets  better  technically — making  evident  a 
faster  adoption  to  practical  use  of  scientific  inventions 
and  discoveries  but  they  looked  radically  different. 

In  the  past  it  has  often  been  the  case  that  a  new  idea 
would  be  invented  in  Germany  but  put  to  use  in  America 
before  the  German  manufacturers  brought  it  to  practical 
value.  This  is  changing;  this  year’s  sets  are  modern 
and  have  features  not  found  in  American  receivers. 

More  than  75  per  cent  of  all  sets  sold  in  Germany  in 
the  last  season  have  been  of  the  two-tube  type.  There 
is  a  special  reason  for  this.  All  the  German  manufac¬ 
turers,  by  order  of  the  government,  are  forced  to  make 
an  exact  copy  of  a  two-tube  set  following  an  official 
design.  This  is  the  so-called  “Folks-empf anger.”  Not 
only  has  the  circuit  of  this  set  been  exactly  prescribed 
but  the  cabinet  design  and  the  retail  price  as  well.  It 
consists  of  one  tuning  circuit  with  a  regenerative  detector 
and  a  pentode  output  tube.  The  official  price  is  76  marks 
(about  $30).  The  main  purpose  of  the  German  gov¬ 
ernment  in  creating  this  “cheap”  receiver  has  been  to 
give  all  German  families  a  chance  to  listen  to  the  govern¬ 
ment  propaganda  broadcasts. 

If  we  compare  the  price  of  this  cheap  set  with  the 
prices  of  sets  in  the  American  market  it  may  seem  that 
the  German  manufacturer  should  enjoy  a  large  profit. 


Fig.  1 — Circuit  of  Folks-etnpf anger  receiver.  Note 
copper-oxide  rectifier 


Fig.  2 — Sensitivity  and  selectivity  (right)  charac¬ 
teristics  of  5-tube  German  receiver 


but  it  is  not  so.  Taxes  in  Germany  are  enormous,  csik*- 
cially  the  high  contributions  for  social  purposes  as  yet 
unknown  in  America. 

The.  German  government  last  year  made  an  unpre¬ 
cedented  advertising  cam])aign  (»n  this  small  two-tube  set. 
The  German  radio  industry  sold  during  this  ]K*ri(xl  over 
a  half  million  of  these  receivers.  It  is  true  however  that 
sales  of  the  larger  .sets  on  which  greater  profits  are  jxis- 
sible  suffered  accordingly. 

Of  the  Folks-empf  anger  sets  there  arc  three  types, 
a.c.,  d.c.  and  battery  ojK^rated.  The  battery  ty|x*  now 
has  a  most  important  device  to  decrease  its  current  con¬ 
sumption.  The  receivers  u.se  tubes  of  a  new  type  which 


Fig.  3 — Chassis  of  modem  3-tube  reflex  superheter¬ 
odyne  (A.E.G.) 

consume  only  O.C)()5  amperes  for  the  detector  and  0.150 
amperes  for  the  power  tulx*.  By  the  use  of  a  copjier- 
oxide  rectifier  as  shown  in  the  circuit  ditagram  the  bat¬ 
tery  consumption  of  the  ]>ower  tube  is  rcfluced  when 
signals  are  weak  and  automatically  raised  at  higher  sig¬ 
nal  levels.  Normally  the  plate  current  is  7  :o  8  milli- 
amperes  but  when  no  signal  is  heard  this  will  drop  to 
2  to  3  milliami)eres  securing  the  advantages  of  class  B 
amplification  without  using  push-pull  tubes. 

Economy  of  battery  oj^eration  is  the  result ;  there  is  no 
sacrifice  in  the  power  output  of  the  pentode  tul)e.  For 
use  with  these  sets  there  are  now  st>ecial  batteries  giving 
a  service  of  750  to  800  hours  compared  to  350  to  400 
hours  for  the  older  types. 

It  is  interesting  to  note  that  all  German  manufactur¬ 
ers  have  agreed  to  charge  about  the  same  price  for  sets 
of  a  certain  type  and  that  they  su])ply  precise  information 
about  the  selectivity  and  sensitivity  of  their  prcxlucts. 
Selectivity  is  figured  on  a  9  kc.  separation  basis.  This 
means  that  if  the  receiver  has  a  guaranteed  selectivity 
of  1 :100  the  volume  of  the  adjacent  channel  stations  to 
the  desired  channel  is  in  this  ratio.  .Although  the  prices 
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are  it  must  he  realized  that  only  the  tinest  of  low- 

loss  material  is  used.  'I'he  switches  have  platinum  con¬ 
tacts;  the  cahinets  are  of  the  tinest  woods. 

The  main  idea  in  the  con.struction  of  sets  for  the  (ier- 
man  market  is  to  save  tubes.  The  reas(»n  is  very  sim])le : 
tubes  cost  about  S  to  10  times  as  much  in  (iermany  as 
they  do  in  the  United  States.  .And  a^ain  the  reason  is 
not  difficult  to  find.  There  are  only  two  larj'e  manu¬ 
facturers  of  tubes.  Telef unken  and  X’alvn.  They  are  in 
lM)SSCssi()n  of  the  patents  aiul  because  i»f  this  virtual 
monoj)oly  hij^li  prices  are  the  rule. 

Hi^h  tube  prices  are  reflected  in  .set  desijfii.  The\ 
have  been  an  incentive  for  circuit  engineers  to  pay  much 
attention  to  reflex  circuits.  P'or  example  the  (liajjram 
shetws  a  three-tube  reflex  su|HTheterodyne  usiiif;  a  4-yrid 
hexode  which  serves  as  i-f  tube,  second  detector  and  last 
a-f  amplifier.  The  tap  on  the  secondary  windin"  t)f  the 
first  i-f  transformer  compensates  for  tube  and  wiriii" 
c.'ipacity.  (irid  4  acts  as  ])late  for  i;rid  1.  and  is  c<m- 
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nected  to  the  tuned  primary  of  the  second  i-f  trans¬ 
former.  Here  ami)lified  i.f.  is  obtained.  By  voltage 
limitation  on  grids  1,  2  and  3  electrons  from  the  cathode 
are  prevented  from  passing  through  grid.  The  electron 
charge  of  grid  4  gives  this  grid  the  function  of  a  cathode, 
and  grid  4  used  in  connection  with  the  plate  as  a  diode. 
This  diode  together  with  the  condenser  CX.  and  the  resis¬ 
tor  A’a  is  used  as  second  detector.  The  remaining  i.f. 
is  stopped  by  the  filter-network  =  R:„  C4  and  R^.  The 
rectified  a.f.  is  brought  over  R^  and  Rio  hack  to  grid  1. 
The  tube  now  amplifies  the  a-f  impulses.  Finally  the 
a-f  impulses  are  conducted  over  a  taj)  near  Ro  to  the  fol¬ 
lowing  power  tube.  To  eliminate  distortion  at  the  f>ower 
tube  the  resistors  Rt,  Rq  and  the  condenser  Co  limit  the 
amplitudes  of  the  audio  output  to  the  power  tube. 

-All  the  newly  German  sets  are  constructed  for  high 
efficiency.  Most  of  the  tuning  coils  have  iron  core 
material  which  gives  them  extremely  high  efficiency, 
favorable  permeability  and  very  low  losses.  There  are 
now  two  kinds  of  these  coils  with  iron  cores  available 
upon  the  German  market.  (Sirufer  and  Ferrocart)  but 
they  are  used  only  for  the  medium  and  long  wave  coils. 
For  short  wave  coils  the  (ierman  radio  manufacturers 
])refer  to  use  bobbins  made  of  materials  with  very  low 
dielectric  losses  such  as  Calit,  Ultra  Calit,  or  Frequenta. 

Tuning  condensers  made  with  low  loss  insulation 
have  been  used  in  Germany  for  more  than  3  years.  But 
now  they  use  by-pass  condensers  made  of  a  new  ceramic 
material  with  very  low  losses,  and  a  very  high  dielectric 
C(»nstant  (40-80).  The  condenser  layers  are  directly 
burned  ui)on  the  new  ceramic  material.  The  new  by-pass 
condensers  are  of  very  small  size,  of  a  great  constancy, 
and  the  breakdown  rating  of  them  is  high. 

I'he  a-f  fre(|uency  range  of  the  bigger  German  radio 
sets  generally  covers  80-4,000  cycles.  The  9  kc.  separa¬ 
tion  of  the  Furopean  stations  leaves  only  a  maximum 
frequency  range  of  4,5(X)  cycles  available. 

'I'he  design  of  the  cabinets  is  very  interesting.  The 
frotit  of  the  German  cabinets  is  used  only  for  two  main 
jmrpo.ses,  firstly  to  allow  a  good  radiation  of  the  second 
waves  (  j  of  the  front ).  'I'he  balance  of  is  used  for  the 
tuning  dials.  The  tuning  dials  are  of  a  much  better 
(juality  than  the  dials  used  in  .\merica,  and  it  is  much 
easier  to  tune  in  any  station  with  a  German  dial  than 
with  the  average  dials  used  here. 
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broadcast 


stations 


Enactment  by  Congress  of  the  Davis  Amend¬ 
ment  to  the  Radio  Law,  in  1928,  limited  the  num¬ 
ber  of  broadcasting  stations  and  the  extent  of  radio 
facilities  in  each  state,  to  a  figure  bearing  the  same 
proportion  to  the  nation’s  total  broadcasting  facilities, 
as  that  state’s  population  bore  to  the  total  population  of 
the  United  Sates.  As  the  result,  practically  no  additional 
licenses  for  broadcast  stations  were  granted,  except  in 
states  far  below  quotas  based  on  proportionality  to  popu¬ 
lation. 

The  1934  radio  law,  setting  up  the  Federal  Com¬ 
munications  Commission,  relaxed  this  proportionality 
principle  of  radio  facilities  assigned  to  the  states,  in  so 
far  as  it  applies  to  broadcast  stations  of  100  watts  and 
under.  The  new  law  gives  to  the  Commission  the  dis¬ 
cretion  of  awarding  licenses  for  new  100-watt  stations 
upon  application,  leaving  it  to  the  Commission’s  judg¬ 
ment  to  permit  new  100-watt  stations  to  go  into  opera¬ 
tion,  regardless  of  the  radio  facilities  already  assigned 
to  the  applicant’s  state. 

The  result  has  been  a  rush  of  applications  to  build 
and  operate  100-watt  broadcast  stations,  and  there  is 
now  great  interest  in  this  field.  Some  seventy-five  ap¬ 
plications  for  hundred-watters  are  now  before  the  Fed¬ 
eral  Communications  Commission,  awaiting  action,  and 
hundreds  of  other  applications  are  in  prospect.  No  per¬ 
mits  have  yet  been  granted  during  the  brief  official  life 
of  the  new  Commission  since  July,  but  action  on  these 
100- watt  applications,  as  definitely  authorized  by  Con¬ 
gress,  is  now  one  of  the  first  items  in  the  Commission’s 
agenda. 

Although  not  in  the  class  with  the  big  transmitters 
in  point  of  cost,  a  100- watt  station  requires  appreciable 
capital  outlay,  and  certain  unavoidable  annual  charges. 
The  following  data  on  the  capital  costs  and  maintenance 
of  broadcast  stations  of  this  class  have  been  obtained 
from  several  sources,  including  those  companies  which 
have  supplied  much  of  the  transmitter  equipment  up  to 
the  present  time.  Naturally  they  are  round  figures,  since 
labor  costs  as  well  as  the  individual  requirements  of 
each  station  will  vary  to  a  considerable  extent.  The 


figures,  however,  are  representative  and  give  a  good  pic¬ 
ture  of  what  is  reipiired  in  the  way  of  capital  outlay, 
and  annual  expense  for  the  important  items  listed. 

Several  studies  of  the  capital  outlay  required  and  the 
annual  charges  for  maintaining  broadcast  stations  of 
various  powers  have  been  published  in  Electronics.  The 
first  of  these  in  June,  1931,  Electronics,  gave  the  data 
compiled  by  the  Committee  on  Engineering  Develop¬ 
ments  of  the  National  Advisory  Council  on  Radio  in 
bMucation.  These  figures  were  revised  and  appeared 
in  Electronics  in  .August,  1934.  Data  on  the  annual  tube 
replacement  costs  for  stations  of  various  power  classifica¬ 
tions  were  given  in  April,  1934,  Electronics. 

The  iyos|)ective  oi)erator  and  owner  of  a  lOO-watt 
station  may  derive  some  satisfaction  in  reviewing  his 
costs  with  similar  data  on  stations  of  higher  power,  b'or 
example,  the  average  1,000-watt  station  costs  about 
$17,500  installed  plus  about  $5,000  for  studio  switching 
and  outside  pick-up  apparatus,  plus  another  $3,000  for 
speech  input  equipment  if  the  studio  is  remote  from 
the  transmitter. 

ESTIMATE  A 


Transmitter  and  tubes . $  5,900.00 

Installation  of  above .  200  to  400.00 

Single  channel  studio  speech  input  equipment..  3,500.00 
One  outside  pick-up  equipment .  600 . 00 

ESTIMATE  B 

Transmitter  and  tubes .  $5,000.00 

Installation  of  above .  1 ,000 . 00 

Speech  input  equipment .  3,000.00 

Salaries  of  chief  operator  and  two  assistants.. . .  5,000 . 00 

Power .  275.00 

Maintenance  of  apparatus  and  towers .  500 . 00 

Tubes .  600.00 

ESTIMATE  C 

Transmitter  and  tubes .  $3,665.00 

Installation .  1,500.00 

Studio  equipment .  1 ,600 . 00 

ESTIMATE  D 

Transmitter .  $4,000.00 

Installation  of  above .  500 . 00 

T wo-studio,  low  level  switching  equipment ....  3,400 . 00 

Salaries,  chief  and  one  assistant .  4,000.00 

Power .  500.00 

Maintenance .  300 . 00 


For  still  larger  stations  aiming  to  serve  a  national  as 
well  as  local  audience.  5,000  and  50,(X)0  watts  in  power, 
for  e.xample,  the  corresponding  expenses  are  as  follows; 
transmitter  complete  $-46,000  for  5,000  watts  and  for 
the  50,000- watt  station  this  figure  becomes  $150,0(». 
These  figures  do  not  include  antenna  installation  which 
still  further  increases  the  necessary  outlay  before  the 
high-powered  station  can  get  "on  the  air.’’ 

.Antenna  costs  for  lOO-watt  stations  will  not  be  greatly 
different  from  those  for  1,000-watt  stations,  i.e.,  about 
$2,000.  or  i)erhaps  somewhat  higher.  The  transmitter 
apparatus  inrlicated  in  each  of  the  alK)ve  cases  is  crystal 
controlled,  of  course,  and  the  prices  given  include  the 
control  apparatus.  In  the  case  of  Estimate  A,  a  fre¬ 
quency  monitoring  unit  is  included  in  the  price. 

It  is  also  worth  noting  that  nearly  all  lOO-watt  sta¬ 
tions  will  have  transmitter  and  studio  in  the  same  build¬ 
ing.  Therefore  it  may  be  more  typical  to  omit  the  costs 
of  station  speech  input  equipment  charges. 
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At  the  right  is  shown 
a  small  50-watt  trans¬ 
mitter  in  one  oF  the 
greenhouses,  capable  oF 
generating  Frequencies 
up  to  60,000  kc.  This 
is  one  oF  three  trans¬ 
mitters  used  in  the  Rut¬ 
gers  tests,  the  others 
being  oF  5  kw.  and  100 
watts  rating.  Food  sub¬ 
stances  in  which  insects 
are  concealed  have  little 
eFFect  oF  shielding  the 
insects  From  lethal  eF- 
Fects,  unless  the  material 
is  very  moist,  providing 
paths  For  local  induced 
currents  in  the  substance 
itselF 
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Dr.  Thomas  J.  Headlee, 
oF  the  New  Jersey  State 
Agricultural  Experiment 
Station  at  Rutgers  Uni¬ 
versity,  New  Brunswick, 
N.  J.,  with  his  100-watt 
adjustable  short-wave 
transmitter  connected  to 
condenser  test  plates, 
between  which  are 
placed  the  insects  to  be 
killed.  Currents  induced 
in  the  insects*  bodies, 
make  them  hot  to  the 
touch.  Death  ensues  in 
1 0  to  30  seconds 


Frequencies  which  kill  in¬ 
sects  without  injuring  plants, 
have  been  deFined  during 
these  tests.  The  margin  oF 
saFety  between  the  energy 
levels  which  kill  plants  and 
insects  is  very  wide  at  the 
optimum  oF  3,000  kc,  but 
very  narrow  at  16,000  kc. 
Frequency  thus  becomes  a 
selective  Factor  in  the  diFFer- 
ential  eFFects  oF  electro¬ 
static  Force  on  insects  and 
plants 
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transformer  into  a  resistance  load  from  a  source  of  the 
same  impedance  as  the  reflected  load  and  increasing  the 
power  input  until  it  is  50  per  cent  over  the  normal  maxi¬ 
mum,  if  the  percentage  distortion  due  to  the  transformer 
is  not  excessive  at  this  excitation  the  design  is  conserva¬ 
tive.  Transformers  for  comi)etitive  receivers  in  the  lower 
price  class  are  seldom  checked  as  above  and  are  consid¬ 
ered  satisfactory  if,  when  used  at  about  §  maximum 
power  output,  no  great  difference  is  heard  when  switch- 
,  ing  from  the  cheap  transformer  to  a  conservative^  de- 

F,,.  2-R,(«.nc.  «r™.t  (or  co.o  „„  „„sic  and  speech, 

loss,  current,  and  voltage  in  power  transformers 


between  600  and  10(X)  circular  mils  per  ampere,  and  if 
possible,  a  secondary  wire  size  such  that  the  d.c.  resist¬ 
ance  of  the  secondary  does  not  exceed  10  per  cent  of 
the  d.c.  resistance  <»f  the  voice  ctiil  of  the  speaker  with 
which  it  is  to  be  used. 

Neglecting  the  d.c.  resistance  of  the  primary  winding 
and  effects  of  core  lo.sses,  the  minimum  inductance  is 
given  by  the  following  formula:  (see  circuit  in  figure  l  i 

,  •  r  +  Af,) 


1  L  +  A?.,  +  k, 

- 1 

A* 

Where  Lr  =  primary  inductance. 

w  =  2Tf  (f  being  the  lowest  freq.  of  interesr  I. 

Rr  =  plate  impedance  of  output  tube. 

Ra  =  resistance  of  trans.  secondary. 

Ri  =  impedance  (usually  D.('.  resistancei  of  voice  coil 
ol  speaker. 

.V'l  =  primary  turns 
.V’l  =  sec.  turns. 

At 

o  = 

A'. 

K  IS  the  ratio  (expressed  as  a  decimal  i  of  the  response  at  the 
owest  frequency  of  interest  to  the  response  at  high  frequencies. 

The  greatest  power  occurs  in  Afj  when  the  voltage  across  Rt  is  a 
maximum  (keeping  the  tube  input  constant). 

I  he  ratio - at  high  frequencies  is 

A.j  — ju).\tRi  — II  R-t 

~  =  R  =  -  - -  =  -  (S) 

Ail  (o*Af^t  Ra  4-  Ri)j‘‘il.r  fii^RrL  4"  Ra  4-  R^ 

W  here  Rat  =  Recommended  load  impedance  for  the  output  tube 
in  question,  as  given  by  manufacturer. 

dR 

I  aking - of  C(]uarion  (S)  and  equating  to  /.ero 


('lives;  Ra  4-  Ri  iRa-^  Ri 

a*  =  -  -  -  -  or,  o  =  ..  - -  iQ) 

Rrt  a  Rat 

for  most  efficient  impedance  match. 

If  the  primary  inductive  reactance  is  at  least  five  times 
the  reflected  load  im]x*dance  at  the  lowest  frequency  of 
interest  (usually  the  natural  resonance  frequency  of  the 
speaker  diaphragm)  and  if  there  is  a  reasonable  balance 
In'tween  iron  size  and  coil  size  for  the  power  output  re¬ 
quired,  no  trouble  from  excessive  flux  densities  should 
arise.  A  rea.sonable  balance  is  usually  dictated  by  experi¬ 
ence.  hut  may  be  checked  experimentally  by  working  the 


B  filter  choke  design 

H  filter  choke  design  falls  into  three  major  classes: 

I.  For  a  given  size  core  design  a  coil  with  maximum 
inductance  for  a  given  current  density  (wire  size  fixed). 

II.  For  a  given  size  core  design  a  coil  with  the  maxi¬ 
mum  inductance  for  a  given  d.c.  resistance. 

III.  Without  limiting  core  size  design  a  choke  with  de¬ 
sired  inductance,  resistance  and  current  density. 

Case  I  resolves  itself  into  finding  the  maximum  num¬ 
ber  of  turns  for  a  given  window.  (Formula  (4).) 

Ca.se  II.  Calculate  the  ma.ximum  number  of  turns  for 
two  or  three  wire  sizes  with  a  given  window  size  and 
roughly  check  the  resistance  (Formulae  (4)  and  (5).) 

Case  III.  This  case  becomes  a  cut  and  try  method, 
esjxcially  w'here  d.c.  is  present  in  the  choke.  Past  ex¬ 
perience  and  measurements  on  available  chokes  on  hand 
form  the  best  guide. 


APPENDIX 

In  the  first  installment  of  this  article,  in  the  discussion  relating 
to  power  transformers,  an  approximate  method  of  calculating  cur¬ 
rents  and  voltages  was  given.  Following  is  a  more  accurate  form. 

From  the  winding  data*  calculate  the  primary  resistance  R>  and 
secondary  resistance  Rj.  Estimate  the  core  loss  (usually  about  2 
watts  per  pound  of  iron)  and  replace  this  loss  by  an  equivalent  re¬ 
sistance  Rr  (see  figure  2). 


lotal  core  loss  in  wans 


a;,- 

Rr 


El' 


or  Rt  =  - - 

core  loss  (watts) 

If  Rl  is  the  load  resistance,  then  the  primary  current  1.  is: 
El 


{^'i/si)-{Ri  Rl)  Rt 

AJ 1  4- - -  - 

{^i/si)HRi  +  Rl)  +  R. 

and  Ei  =  El  {^i/si)  —  I*  [A?-  -H  (S/.v,)*  Ri] 


(10) 


(11) 

(12) 


1 —  If  d.c.  flows  in  the  winding  allow  600  to  1200  circular  mils 
per  ampere  in  determining  wire  size  of  the  primary. 

2 —  Methods  of  calculating  the  xvinding  space,  as  well  as  other 
factors,  are  given  in  the  first  installment  of  this  article  (Septem¬ 
ber  Klrctronics,  pp.  2S6,  2S7). 

3 —  For  ('lass  .\  operation  calculated  from  normal  d.c.  current, 
for  Class  H  oiieration  calculated  from  peak  a.c.  power  output. 


4 — Kstimate  tlie  probable  winding  temperature  in  order  to  most 
accurately  determine  the  winding  resistance. 


NEW  TECHNICS  OF  NEUTRON  AND  POSITRON 


Present-day  di.scoveries  regarding  neutrons,  positrons,  deutons  and  tritons  may  be  expected  to  bring  practical 
advances  as  important  as  those  dependent  on  the  electron. 

— Dr.  Willis  R.  Whitney 
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Economical  desisn 
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transformers 


By  C.  A.  HULTBERG 

Radio  engineer,  Hygrade-Sylvatiia  Corporation, 
Emporium,  Pennsylvania 


ONE  factor  which  separates  the  design  of  audio 
transformers  and  B  filter  chokes  from  that  of  a 
j)ower  transformer  is  the  fact  that  the  power 
transformer  has  no  d.c,  current  flowing  in  either  of  its 
windings  while  the  audio  transformers  and  chokes  fre¬ 
quently  do  have  to  accommodate  d.c.  This  factor  influ¬ 
ences  the  operating  point  of  the  iron  in  the  cores  and  causes 
considerable  change  in  the  inductance  wdiich  is  available 
from  a  given  winding  and  core.  Consequently  all  audio 
transformers  or  chokes  carrying  d.c.  in  any  winding 
should  l)e  checked  to  see  whether  their  inductance  can 
be  raised  by  using  an  air  gap  in  the  core.  When  testing 
for  optimum  air  gaps  use  as  close  to  the  normal  a.c.  in¬ 
duction  as  possible.  Sixty  or  120  cycles  is  a  satisfactory 
frequency  for  this  purpose  with  respect  to  filter  chokes 
and  large  size  audio  transformers.  Small  output  trans¬ 
formers  may  require  checking  at  some  higher  frequency 
such  as  200  cycles,  due  to  the  difficulty  of  measuring 
low  inductances  accurately  at  low  frequencies  by  the  im¬ 
pedance  method. 

Design  of  interstage  audio  transformers 

Interstage  audio  transformers  usually  operate  between 
two  high  impedances,  so  that  care  must  be  used  to  reduce 
leakage  reactance,  and  distributed  capacity  while  induct¬ 
ance  values  should  be  made  as  high  as  economically 
practical.  It  may  be  found  necessary  to  load  the  second¬ 
ary  with  shunt  resistance  to  keep  the  frequency  charac¬ 
teristic  flat. 

First  design  a  preliminary  sample  transformer  using 

A 

NEW  TRENDS  in  the  design  of 
interstage  and  output  audio  trans¬ 
formers  and  of  B-filter  chokes  are 
brought  to  light  in  this  concluding 
installment  of  Mr.  Hultberg’s  article, 
which  began  in  the  September  issue 

T 


Fig.  1 — Reference  circuit  for  calculating  induc¬ 
tance  of  output  transformer  (equation  7) 


the  desired  voltage  ratio.  If  no  d.c.  flows  in  the  windings 
use  a  small  wire'  size  such  as  Xo.  40  and  place  as  many 
turns  on  the  primary  as  the  window  space  will  ]x*rmit. 
It  d.c.  is  present  adjust  the  air  gap  to  an  optimum  value. 
Check  the  fretiuencv  characteristic,  and  if  a  push-pull 
transformer,  check  the  secondary  balance  and  phase  re¬ 
lations.  If  the  unbalance  is  too  great,  or  if  the  phase 
angle  between  the  tw«)  halves  of  the  secondary  is  too  far 
from  180  electrical  degrees  at  any  jMirtion  of  the  desired 
frequency  sjiectruhi,  it  may  Ik*  necessary  to  wind  the 
secondary'  in  two  equal  parts  symmetrically  placed  over 
the  primary.  In  calculating  the  total  space  re((uired  for 
the  windings  use  double  values  for  piqxr  thickness  ami 
add  about  15  per  cent.- 

If  the  same  size  wire  is  used  on  both  the  j)rimary  and 
secondary,  a  simple  calcul.'ition  will  predetermine  the  ap¬ 
proximate  maximum  number  (*f  turns  of  a  given  size  wire 
that  will  fit  in  a  given  space. 

Let  Z,  =  window  length,  in  inches  or  cm 
H'  =  window  width 
M  =  paper  margin 
T  =  paper  thickness 
1)  =  diameter  of  insulated  wire 
Q  =  thickness  allowed  tor  tube  and  interwindinc 
insulation 

.V  =  number  of  turns 

r.87f/.— ’.UilTf//-  CZt  X  'H 
I'hen  maximum  .V  =  I -  H - I 

L  i>  JL  n  +  2T  J 

Or,  if  desired  X  is  known  the  wire  size  may  be  de¬ 
termined  ; 

Let  L  —  2M  =  ./ 

and/f— 

j  W 

Then  D  =  T  ±  -f-  .78  -  ib 

\  .V 

The  nearest  smaller  sized  wire  should  l>e  used  where  D 
does  not  corresjwnd  to  a  standard  wire  size.  If  this  wire 
is  found  to  be  too  small  to  carry  the  required  current, 
an  iron  with  a  larger  window  is  indicated. 

For  chokes,  a  rough  check  on  the  resistance  is  also 
necessary.  This  is  readily  calculated  by  estimating  the 
length  of  the  mean  turn  and  obtaining  the  resistance 
from  the  relation: 

R  =  pin  ^  O) 

Where  p  is  the  resistance  per  foot  o”  wire 
/  =  mean  length  per  turn,  in  feet 
n  =  total  number  of  turns 

if  the  resistance  for  a  given  inductance  (or  number  nf 
turns)  is  too  great,  a  larger  wire  size  (and  ]^issibly  a 
larger  core  window)  is  indicated. 

Output  transformer  design 

In  general,  if  output  transformers  are  made  with  wire 
large  enough  for  high  efficiency,  no  air  gap  will  be  needed 
for  push-pull  operation.  Output  transformers  for  single 
tul)es  or  tubes  in  parallel  wdll  require  an  air  gap  in  nearly 
all  cases.  This  point  should  aw'ays  be  checked. 

Use  a  primary  wire  size  that  gives  a  current  density’ 
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Fig.  2 — Typical  seals  of  ty(>cs  shown  in  Fig.  1 

wcldinjj  is  used  to  seal  the  metal  headers  to  the  cylindri¬ 
cal  IhkIv  of  the  tulK*.  These  welds  consist  of  a  series  of 
overlapping;  si)ots  which  are  more  dependable,  from  the 
vacuum  standi)oint,  than  the  best  j;lass  seals  heretofore. 
For  the  small  enveloj)e  and  for  attaching  seals  to.  headers, 
spot  weldinj;  is  used.  With  ])roper  design  along  the  line 
of  i)rojecting  rings,  an  entire  seal  or  header  may  he  at¬ 
tached  with  a  single  weld  at  reasonable  power.  In  a  tube 
1  inch  in  diameter,  the  headers  have  been  welded  in  at 
the  rate  of  about  one  a  second.  In  certain  designs  copj)er 
soldering  is  used  as  an  alternate  to  this  last  method,  in 
which  case  the  seals  must  he  fabricated  on  the  headers. 

There  are  various  metluKls  which  have  been  used  in 
sealing  off  metal  exhaust  tuhulations.  One  successful 
design  employs  a  combination  press  and  solder  jt)int. 
The  tuhulation  is  coated  on  the  inside  with  solder.  At 
the  completion  of  the  exhaust  i)rocess  the  tuhulation  is 
pressed  between  jaws  and  heated  to  melt  the  solder  and 
complete  the  seal. 

Designs  of  metal  tubes 

The  adaptation  of  the  metal  envelope  principle  to  the 
several  classifications  of  tubes  brings  out  a  number  of 
interesting  design  features.  .Most  rectifier  tubes  are  of 


Fig.  3 — Rectifier  (25  ampyeres)  of  the  all-metal  type 

the  half-wave  ty|ie.  In  this  case  the  envelope  it. self  may 
serve  as  the  anode,  which  greatly  simplifies  the  general 
tube  design,  eliminates  tbe  necessity  for  an  anode  seal, 
and  allows  e.xcellent  C(X)ling  of  the  anode.  In  addition, 
this  design  presents  one  of  the  easiest  exhaust  problems 
in  vacuum  tube  manufacture. 

In  the  case  of  the  so-called  “H”  grid  design,  the  en¬ 
velope  may  form  the  shielding  portion  of  the  control 
grid,  while  with  the  latest  shield  grid  designs  it  is  suit¬ 
able  for  the  cylindrical  portion  of  the  shield  grid.  Such 
designs  allow  excellent  C(X)ling  of  the  grid,  which  has 
l)articular  advantage  from  the  standpoint  of  grid  emis-. 
sion.  Where  a  cylindrical  grid  is  interposed  between 
the  cathode  and  the  anode,  the  envelope  may  serve  as 
the  anode,  as  in  a  rectifier  tube. 

With  the  high  vacuum  type  of  tul)e  which  often  has  a 
large  amount  of  heat  dissipated  at  the  anode,  the  en¬ 
velope  serving  as  the  anode  provides  an  excellent  means 
for  improved  cooling.  In  screen-grid  designs  the  en¬ 
velope  may  form  the  screen.  In  either  case  considerable 
space  is  saved  over  the  glass  type  of  tube,  to  say  nothing 
of  decrease  in  material  cost  and  reduction  in  manufac¬ 
turing  labor. 


With  certain  designs  it  is  necessary  to  increase  the 
radiating  property  of  the  envelope  without  increasing 
the  general  size  of  this  member.  Welded  fins  have  been 
used  for  this  purpose  but  a  more  suitable  method  is  to 
cast  an  aluminum  radiator  directly  to  the  envelope.  In 
this  way  a  several  fold  increa.^e  in  radiating  properties 
can  be  obtained  and  if  a  high  conductivity  material,  such 
as  aluminum,  is  used  the  rapid  conduction  of  heat  away 
from  any  given  point  prevents  hot-spotting  and  the  re¬ 
sultant  danger  of  reverse  emission  from  the  spot.  This 
feature  is  i)articularly  desirable  in  certain  tyi>es  of  tubes 
which  operate  with  a  highly  concentrated  gas  discharge. 
On  page  312  is  a  60-ampere  rectifier  of  this  type. 

One  of  the  most  troublesome  and  costly  accessories 
used  in  the  application  of  vacuum  tubes  has  been  the 
sockets.  This  is  particularly  true  where  the  set  is  sub¬ 
jected  to  vibration  or  sea  air.  In  addition,  one  of  the 


Fig.  4 — Shield-grid  Thyratron  (3-clcmcnt  gas  rectifier) 

most  expensive  processes  in  vacuum  tube  manufacture  is 
the  basing  of  tubes.  Metal  tubes  oj^en  a  way  to  the 
complete  elimination  of  these  troubles.  F'or  industrial 
and  power  purposes  it  is  rarely  necessary  to  make  quick 
substitution  of  tubes.  If  such  dependability  is  required 
it  is  always  better  to  provide  for  continuity  of  service 
by  means  of  additional  tubes  or  duplicate  apparatus. 
Therefore,  metal  tubes  can  be  mounted  by  means  of 
simple  studs  and  lugs  attached  to  the  cylinder  and  con¬ 
nections  can  be  made  by  means  of  tube  leads  and  studs 
on  the  mounting  jianel.  Indications  are  that  this  method 
of  mounting  will  be  generally  accepted  as  most  suitable 
for  this  class  of  service. 

I  )evelopment  of  metal  tubes  has  shown  definitely  that 
a  metal  container  is  superior  in  many  ways  to  a  glass 
envelope,  and  has  demonstrated  conclusively  that  metal 
tubes  are  not  only  more  sturdy  and  smaller  size,  but  also 
adapted  to  quantity  production  at  low  cost.  Further¬ 
more.  the  life  of  metal  tubes  is  in  every  way  comparable 
to  glass  tubes  and  in  some  cases  superior. 

Developments  of  this  nature  are  always  a  result  of 
coojierative  action.  The  following  members  of  the 
\'acuum  Tube  Enginering  Department  are  among  those 


Fig.  5 — Vacuum  switch.  Metal  envelope  allows  mechani¬ 
cal  movement  of  contacts 

making  major  contributions  to  the  results  obtained: 
Messrs.  J.  E.  Beggs,  R.  J.  Bondley,  T.  A.  Elder,  A.  C. 
Gable,  H.  T.  Maser  and  H.  J.  Nolte.  Recognition  is 
also  given  to  the  Research  Laboratory  staff  for  valuable 
help  and  to  Mr.  W.  C.  White  under  whose  direction  the 
development  was  carried  out. 
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By  O.  W.  PIKE  and  G.  F.  METCALF 

General  Electric  Company,  Schenectady,  N.  Y. 


The  “all  metal”  type  of  vacuum  tube  for  industrial 
and  power  purposes  is  one  of  the  most  revolution¬ 
ary  steps  in  making  vacuum  tubes  real  engineering 
tools.  It  is  a  far-cry  from  the  fragile  glass  envelope 
vacuum  tubes  first  used  for  relaying  to  the  sturdy  metal 
tubes  now  being  offered  for  both  industrial  and  power 
purposes.  It  means  that  these  devices  may  take  their 
place  along  with  the  motor  and  transformer  as  an  ac¬ 
cepted  part  of  modern  electrical  apparatus. 

One  great  advantage  of  the  metal  design  lies  in  the 
manufacturing  processes.  It  eliminates  one  of  the  great 
sources  of  trouble  and  expense  in  glass  tubes ;  that  is, 
the  complicated  glass  work,  and  makes  available  to 
vacuum  tube  manufacture  a  wealth  of  technique  worked 
out  over  many  years  of  machine  shop  practice.  Further¬ 
more,  the  material  cost  is  lower,  particularly  where  the 
metal  envelope  also  serves  as  one  of  the  tube  electrodes. 

From  the  design  standpoint,  metal  tubes  are  substanti¬ 
ally  more  sturdy  than  glass,  occupy  appreciably  less  space 
and  permit  better  methods  of  mounting  and  cooling.  To 
those  who  have  been  timid  about  the  use  of  tubes  in 
industry,  the  psychological  aspect  of  the  new  type  of  tube 
is  of  considerable  importance. 

The  adaptation  of  the  metal  envelope  to  vacuum  tubes 
is  based  upon  three  fundamental  developments ;  namely, 
(1)  a  sturdy  type  of  seal  in  which  the  insulating  glass 
has  the  same  expansion  over  a  wide  temperature  range 
‘  as  the  seal  members,  thus  doing  away  with  the  trouble¬ 
some  and  expensive  feather-edge  type  of  seal,  (2)  ac¬ 
curately  controlled  seam,  spot  and  projection  welding 
for  the  fabrication  of  the  actual  envelope,  (3)  a  vacuum- 
tight  means  of  sealing  off  a  metal  exhaust  tubulation.  It 
was  possible  to  build  “all  metal”  tubes  prior  to  the  de¬ 
velopment  of  these  three  fundamentals,  but  such  tubes 
were  only  compromises  with  the  glass  design  and  did 
not  lend  themselves  well  to  quantity  manufacture. 

For  many  years  metal  seals  of  the  feather-edge  design 
have  been  used  in  vacuum  tubes.  In  this  type  little  at¬ 
tempt  is  made  to  match  the  expansions  of  the  metal  and 
the  glass.  The  metal  is  made  sufficiently  thin  and  of  such 
shape  that  it  readily  follows  the  changes  in  the  glass 
brought  about  by  temperature.  While  this  form  of  seal 


has  been  satisfactory  for  many  tubes,  it  is  expensive 
and  presents  many  mechanical  difficulties ;  also,  its 
strength  is  limited.  The  development  of  metals,  such  as 
Fernico,  and  glasses  having  substantially  identical  ex¬ 
pansions  over  the  range  of  temperatures  encountered  in 
tube  manufacture  and  use,  has  presented  new  possibilities 
in  seal  design.  Seals  using  similar  expansion  materials 
have  been  built  in  many  forms  which  may  be  classed 
under  two  general  headings:  (1)  the  pillar  type  and  (2) 
the  concentric  type. 

The  pillar  type  of  seal  illustrated  by  (a  )  of  Figs.  1 
and  2  consists  of  a  cylindrical  glass  Ix'tween  two  metal 
members,  one  in  the  form  of  a  cup  and  the  other  suitable 
for  attachment  to  the  metal  bcnly  of  the  tube.  This  ty|ie 
is  particularly  suitable  for  very  high  currents  and  volt¬ 
ages  in  that  the  glass  cylinder  may  be  lengthened  or 
corrugated  to  stand  high  voltage  and  the  current  path  is 
of  low  resistance  and  conse(|uently  has  low  losses.  The 
latter  point  can  be  appreciated  by  noting  that  the  high 
conductivity  leads  form  the  current  path  cxcc]>t,  in  some 
cases,  for  a  thin  disk  of  the  higher  resistance  seal  metal. 

The  concentric  tyjie  of  seal  as  illustrated  by  (bl  and 
(c)  consists  of  a  conducting  lead  of  the  seal  metal  sur¬ 
rounded  by  the  insulating  glass  and  a  cylinder  of  this 
metal.  This  type  has  the  advantage  of  being  somewhat 
less  expensive  than  the  pillar  type  and  is  more  sturdy. 
However,  it  is  limited  in  its  current-carrying  capacity 
by  the  center  lead  which  is  of  high  resistance  seal  metal, 
unless  special  and  more  expensive  designs  are  used.  Its 
voltage  limitation  is  lower  than  the  pillar  seal,  although 
the  leakage  jiath  may  be  increased  considerably  by  the 
addition  of  a  glass  ])ant-leg.  It  is  possible  to  provide  an 
additional  conductor  by  using  either  a  second  concentric 
cylinder  or  a  second  lead. 

New  welds  made  possible 
by  tube  control 

In  neither  tyj>e  of  seal  is  highly  skilled  labor  essential. 
In  fact,  the  seals  are  being  made  in  several  sizes  by 
machine  metliods  in  which  the  operators’  skill  plays  only 
a  small  part.  With  their  many  variations,  these  types 
allow  am|)le  leeway  for  seal  designs  having  capacities 
from  a  few  milliami)eres  iqi  to  hundreds  or  even  thou¬ 
sands  of  amperes. 

The  use  of  Thyratron  control  for  the  timing  of  re¬ 
sistance  welds  has  been  one  of  the  most  important  im¬ 
provements  in  welding  practice  in  recent  years.  This  has 
made  possible  new  tyi)es  of  welds  with  materials  previ¬ 
ously  unsuitable,  and  has  insured  the  reproducibility  of 
any  given  weld.  In  the  larger  sizes  of  envelopes,  seam 


Fig.  1 — Cross  section  of  pillar  and  concentric  seals 
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I.R.E.  Fall  meeting 


Rochester — Nov.  12,  13,  14,  1934 


ANNUALLY  the  Fall  Meetinjj;  of  the  Rochester 
ZA  Section  of  the  I.R.E.  is  looked  forward  to,  and 
X  A.  long  discussed  later,  as  one  of  the  bright  spots  in 
the  engineers’  calendar.  Always  well  attended  by  those 
in  the  front  ranks  of  technical  advance,  this  session 
has  come  to  he  the  place  for  not  only  progress  reports 
but  for  speculation  on  new  phases  of  the  technical  art 


through  which  the  industry  later  passes.  Many  circuits 
of  considerable  imiKjrtance  first  were  disclosed  at  one 
of  the  Rochester  Fall  Meetijigs. 

The  program  of  the  1934  papers  (to  be  heanl  at  the 
Hotel  Sagamore)  promises  engineers  in  attendance  with 
much  to  think  over  during  the  winter.  Particularly  worth 
noting  are  the  papers  on  waves  below  U)  meters. 


PROGRAM 


MONDAY,  NOVEMBER  12 


9:00  A.M. 


10:00  A.M. 


12:30  P.M. 
2:00  P.M. 


4:00  P.M. 


6:30  P.M. 
8:00  P.M. 


Registration 
Opening  of  Exhibits 
Technical  Session 

Iron  Core  Tuning  Systems. 

A.  Crossley,  Consulting  Engineer. 
High  Fidelity  Reproducers  with 
.\coustical  Labyrinths  (With  Demon¬ 
stration), 

B.  Olney,  Stromberg  -  Carlson 
Telephone  Mfg.  Company. 

Group  Luncheon 
Technical  Session 

Automatic  Reactance  Control  Sys¬ 
tems, 

Charles  Travis  and  Murray  Clay, 
RCA  License  Laboratory. 

Putting  Ultra-High  Frequencies  to 
Work  (With  Demonstration). 

L.  C.  F.  Horle,  Consulting  Engi¬ 
neer,  and  C.  J.  Franks.  Radio 
Frequency  Laboratories. 

Diode  Coupling  Considerations, 

J.  R.  Nelson.  Raytheon  Produc¬ 
tion  Corporation. 

Inspection  of  Exhibits 

Meeting  of  RM.A  Committees  on 
Receivers  and  Television. 

Group  Dinner 

Joint  .Session  with  Radio  Club  of 
America 

Transmission  and  Reception  of 
Centimeter  Waves  (WSth  Demon¬ 
stration), 

I.  Wolff,  E.  G.  Linder,  and  R.  .A. 
Braden,  R.C..\.  Victor  Company. 


TUESDAY,  NOVEMBER  13 

9:00  A.M.  Registration 
9:30  A.M.  Technical  Session 

The  Use  of  Cathode  Ray  Tubes  in 
Receiver  Distortion  Measurements 
(With  Demonstration), 

Henry  W.  Parker,  Rogers  Radio 
Tubes,  Ltd.,  and  F.  J.  Fox.  Rogers 
Majestic  Corporation. 

Converter  Tubes  at  High  Fre¬ 
quencies, 

W.  A.  Harris,  RC.\  Radiotron 
Company. 


Input  Losses  in  Vaennm  I'nlH-s  at 
High  Frequencies. 

B.  J.  Thompson  and  W.  K.  h’erris, 
RC.\  Radiotron  Company. 

12:30  P.M.  Oiroup  Luncheon 
2:00  P.M.  Technical  .Session 

New  E(juipment  for  tlie  Radio  De¬ 
signer  and  Engineer. 

C.  J.  Franks.  Radio  l're(|uency 
Laboratories. 

Detector  Distortion. 

Kenneth  W.  Jarvis.  Consulting 
Engineer. 

4:00  P.M.  Inspection  of  Exhibit'- 

Meeting  of  RM.\  Committee  on 
\"acuum  ThIh's. 

Meeting  of  RM.\  Committee  on 
Sound  Equipment. 

6:.30  P.M.  .Stag  Banquet 

W.  E.  Davison,  Toastmaster. 
Entertainment. 

WEDNESDAY,  NOVEMBER  14 

10:00  A.M.  Joint  Technical  .Session  with  RM.\ 
Engineering  Division  on  Rtidio  Inter¬ 
ference 

Brief  Discussions  on  Desirability  of 
Reduction  of  Radio  Interference 
I’Tom  the  Viewpoint  of : 

The  Consumer — O.  H.  Caldwell 
The  Public  Utilities — J.  O’R.  ('ole- 
man 

The  Radio  Manufacturer — L.  F. 
Muter 

The  Radio  Dealer  —  Ber.jamin 
Gross 

The  Federal  Communications  Com¬ 
mission — C.  B.  Jolliffe 
Summary — A.  N.  Goldsmith 
Investigation  and  Suppression  of  In¬ 
ductive  Interference, 

H.  O.  Merriman,  Radio  Branch, 
Department  of  Marine,  Canada. 
12:30  P.M.  Group  Luncheon 
2:<X)  P.M.  Technical  Session  on  Radio  Interfer¬ 
ence  (Continued) 

Discussion  by  Interested  Organiza¬ 
tions  on  Promotion  of  Interference 
Reduction. 
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Simplified  inductance-coil  calculations 


B  A 


indicated.  {"I”  is  the  axial  length  of  the  coil.)  (2)  From 
the  curves,  find  the  value  of  corresponding  to  the 

above  value  of  (3)  Multiply  this  value  of  by  the 
1^0  1) 

diameter  to  obtain  the  length  of  coil  required.  (4)  Di¬ 
vide  the  length,  /,  by  the  winding  pitch,  p,  to  obtain  the 
number  of  turns  required  to  produce  the  given  induc¬ 
tance. 

In  the  case  of  a  coil  to  have  taps  at  several  given 
values  of  inductance  the  procedure  is  the  same  except 
that  it  is  only  necessary  to  calculate  L„  once. 


The  curves  of  the  above  chart,  prepared  by  A.  R. 
Rumble,  transmission  engineer  at  WNEW.  are 
based  on  the  well-known  Xagaqka  formula  for  cal- 
•ulating  the  inductance  of  single-layer  solenoidal  coils, 
given  in  the  Bureau  of  Standards  Bulletin  No.  74.  Be- 
--ides  eliminating  the  necessity  of  looking  up  the  Nagaoka 
'  onstant  the  curves  jirovide  a  simple  and  rapid  means 
'f  calculating  the  iM)sition  of  taps  for  given  inductances. 

To  determine  the  number  of  turns  required  for  a  coil 
"f  given  inductance,  when  the  diameter  and  the  winding 

pitch  have  been  chosen:  (1)  Calculate  the  value  of  ^ 

from  the  formula  given  in  the  diagram,  using  the  units 
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HIGH  LIGHTS  ON  electronic 


switches  as  quickly  as  possible,  restor¬ 
ing  them  an  instant  later  after  the  spark 
had  ceased. 

This  job  is  now  done  by  a  photo¬ 
cell  which  Joseph  Chambers,  chief 


For  automatic  recording  of  the 
periods  of  sunshine  during  the  day,  as 
contrasted  to  the  periods  when  the  sun 
is  obscured,  two  photocells  tor  two  sets) 
are  required,  one  of  which  is  exposed  to 
direct  illumination  from  the  path  of  the 
sun,  and  the  other  of  which  is  shielded 
from  illumination  coming  from  this 
particular  direction.  When  the  sun  is 
obscured,  both  photocells  will  be  illumi¬ 
nated  with  approximately  equal  in¬ 
tensity  and.  if  their  outputs  are  opposed, 
the  resulting  current  will  be  practically 
nil.  When  the  sun  is  shining,  however, 
one  cell  will  receive  much  greater 
illumination  than  will  the  other — its 
current  output  will  be  proportionately 
much  greater — and  the  resulting  differ¬ 
ential  current  will  be  quite  sufficient  to 
actuate  even  a  relatively  insensitive  re¬ 
cording  device. 

The  third  way  in  which  photocells 
may  prove  of  value  in  weather  observa¬ 
tions  is  in  the  measurement  of  the 
density  of  fog  and  smoke  haze,  or  of  the 
combination  of  the  two  which  Weather 
Bureau  officials  like  to  term  “smog.” 
For  this  purpose,  a  fairly  constant  light 
source  must  be  set  up,  w'ith  one  photo¬ 
cell  in  close  proximity  and  another  at  a 
considerable  distance — preferably  sev¬ 
eral  hundred  feet.  Under  clear  condi¬ 
tions,  with  an  absence  of  “smog,”  the 
output  of  the  distant  cell  will  be  a  small 
but  measureable  and  definite  portion  of 
the  output  of  the  nearer  cell  (assuming 
that  both  are  shielded  from  all  other 
sources  of  illumination).  Any  apprecia¬ 
ble  smoke  or  fog  will  act  to  cut  down 
the  illumination  being  received  by  the 
distant  cell  much  more  than  it  will  cut 
down  the  illumination  of  the  nearer  cell, 
and  from  the  change  in  the  ratio  of  cur¬ 
rent  outputs  of  the  two,  as  indicated 
possibly  by  a  Wheatstone  bridge  meas¬ 
urement,  the  degree  of  “smog”  may 
easily  be  computed,  or  made  to  record 
automatically. 


Photocells  in  Weather 

Bureau  observations 

By  Elmore  B.  Lyford 
There  are  at  least  three  different 
uses  to  which  photocells,  particularly 
those  of  the  self-generating  type,  may  be 
applied  to  facilitate  the  routine  measure¬ 
ments  which  every  important  weather 
observatory  must  make.  These  are  the 
measurement  of  what  might  be  termed 
“daylight  intensity,”  the  recording  of 
the  time  and  duration  of  sunlight  periods 
(as  opposed  to  those  periods  when  the 
sun  is  obscured),  and  the  measurement 
of  visibility,  or  perhaps  more  accurately 
the  lack  of  it,  due  to  haze. 

Of  these  three  uses,  that  of  the 
measurement  of  sky  and  sun-plus-sky 
brightness  is  perhaps  the  most  obvious. 
For  this  purpose,  all  that  is  needed  is  a 
photocell,  or  a  battery  of  several  cells, 
so  combined  with  an  integrating  surface 
that  they  will  “scan”  the  entire  surface 
of  the  sky  at  all  times,  and  a  recording 
galvanometer  which  keeps  a  continuous 
record  of  their  current  output.  Since 
the  output  of  a  good  photocell  is  prac¬ 
tically  linear  with  respect  to  the  strength 
of  the  incident  illumination,  the  record 
may  be  read  directly,  and  calibrated 
against  any  convenient  standard. 


Pho*o 


Insulator 


When  a  flashover  takes  place  across 
the  gap,  the  photo-cell  opens  the 
power  cut-off  relays 


broadcast  engineer  of  the  Crosley  Radio 
Corporation,  has  had  installed,  aimed 
at  the  spark-gap,  as  shown  in  the  sketch 
If  a  flash  occurs  at  the  gap,  the  re¬ 
sulting  impulse  in  the  photo-cell  causes 
power  cut-off  relays  to  operate  in  the 
transmitter  house,  cutting  off  the  high 
power  supply  circuits,  and  then  auto¬ 
matically  restoring  these  circuits  after 
the  flashover  has  ceased.  In  this  way, 
the  transmitter  is  shut  down  only  mo¬ 
mentarily  during  the  brief  passage  of 
the  spark  and  flashover,  and  consider¬ 
able  tube  damage  is  prevented. 


SUBWAY  CARS  P.E. 
CONTROLLED 


Cathode-ray  tube 
used  to  test  Fuses 


By  E.  V.  SuNDT 

Littelfuse  Laboratories,  Chicago,  III. 

“Electronic  bullets”  spattered  on 
the  fluorescent  screen  of  a  cathode  ray 
tube  are  used  to  measure  the  time-cur¬ 
rent  blowing  characteristics  of  instru¬ 
ment  fuses  in  a  study  now  being  made. 
As  far  as  this  writer  can  determine,  this 
is  the  first  time  such  a  method  has  been 
used.  It  forms  an  almost  ridiculously 
simple  way  of  recording,  with  an  or¬ 
dinary  camera,  transient  or  recurring 
phenomena  which  otherwise  would  re¬ 
quire  expensive  moving  film  equipment. 

A  large  gear  is  very  rapidly  rotated 
close  to  a  polarized  electro-magpiet  by  a 


Photo-cell  static 
discharger  at  WLW 

The  tall  vertical  radiator  of  WLW, 
Cincinnati,  collects  considerable  static, 
which  is  discharged  from  time  to  time 
through  a  spark-gap  to  ground.  With 
each  such  static  spark,  the  power  of 
the  station  transmitter,  500  kw.,  also 
follows  over  to  ground,  through  the 
heated  path  of  the  static  spark,  and 
would  hang  on,  shutting  down  the  sta¬ 
tion.  Formerly  an  operator  was  de¬ 
tailed  to  watch  for  such  flash-overs  due 
to  static,  and  to  pull  the  power  cut-off 


The  new  aluminum  high-speed 
train  for  the  Brooklyn  Rapid  Tran¬ 
sit  subway  is  equipped  with  photo¬ 
cell  control  of  the  car  lights.  When 
the  train  leaves  elevated  tracks  to 
enter  the  tunnel  section,  the  lights 
are  automatically  switched  on  by 
the  equipment  in  the  motorman’s 
cab 
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high  speed  synchronous  motor.  As 
each  gear  tootli  passes  the  magnet,  an 
impulse  is  created  which  is  then  ampli¬ 
fied  by  a  screen  grid  tube.  In  this  way, 
five  thousand  impulses  per  second  are 
produced  and  applied  to  the  grid  ot  the 
cathode  ray  tube.  Many  different  types 
of  mechanical  contacts  on  the  gear  were 
tried,  during  the  preliminary  work,  in 
the  effort  to  make  a  positive  counting 
system.  They  proved  impractical,  due 
to  the  cutting  action  of  the  gear  at  the 
high  speeds  used.  In  our  present  sys¬ 
tem,  we  combine  positive  mechanical  ac¬ 
curacy  with  electrical  fidelity. 

\\  ith  500  volts  on  the  fiKUsing  anode 
and  2,00f)  volts  on  the  anode  proper, 
the  electron  velocities  from  cathode  to 
screen  reach  several  thousand  miles  per 
second,  dejiending  a  great  deal,  of 
course,  on  the  potential  of  the  grid, 
fhe  circuit  constants  are  so  adjusted 
that  during  half  of  each  impulse  from 
the  timing  circuit,  the  electron  beam  of 
the  cathode  ray  tube  is  completely  shut 
off.  During  the  other  half,  the  beam 
i>  completely  on,  or  nearly  so,  and  is 
delivered  to  the  screen  in  “shots.” 

It  might  sfcin  that  the  full  brilliance 
of  the  screen  pattern  could  not  be 
realized  with  the  beam  broken  up  into 
shots  in  this  way.  In  practice,  however, 
it  was  found  that  the  photographic 
(jualities  were  in  no  way  impaired,  since 
each  “bullet”  lights  its  portion  of  the 
screen  fully  as  brilliantly  as  if  the  beam 
traced  a  continuous  line. 

It  may  be  of  interest  to  note  that  the 
time  required  for  a  fuse  to  open  the  cir¬ 
cuit  drops  rapidly  as  the  amperage  is 
decreased.  In  the  amperages  of  1  52 
ampere  and  up,  we  have  been  able  to 
determine  this  characteristic  quite  well. 
In  the  1/100  ampere  size,  however,  the 
action  seems  to  take  place  in  less  than 
1  5(K)0  of  a  second,  and  our  present  tim¬ 
ing  system,  as  fast  as  it  is,  seems  inade¬ 
quate.  Some  very  interesting  and  beau¬ 
tiful  patterns  of  recurring  phenomena 
are  obtained  when  using  the  above  tim¬ 
ing  method. 

4- 

"Defective  vision"  classes 

set  brishter  lighting 

In  several  city  school  systems,  pupils 
having  defective  vision  or  impaired  eye¬ 
sight  have  been  gathered  together  in 
special  schoolrooms,  where  by  maintain¬ 
ing  a  much  higher  illumination  in¬ 
tensity,  it  is  found  that  the  defective- 
eyesight  pupils  can  make  almost  the 
same  progress  as  normal  students. 

To  keep  the  lighting  intensity  at  high 
levels  in  such  schoolrooms,  inde¬ 
pendently  of  outdoor  light  values,  photo¬ 


cell  control  has  been  set  up  in  several 
cities,  and  the  schoolroom  lighting  kept 
above  20  ft.-candles,  regardless  of  dark 
days,  sudden  storms,  and  early  winter 
twilights.  Pittsburgh,  Pa.,  and  Mans¬ 
field,  Ohio,  are  two  of  the  places  where 
photocell  control  of  illumination  in 
classrooms  for  defective-vision  students, 
is  now  under  operation. 


4 

Trans-Atlantic  phone  uses 
"Compandor"  to  overcome  static 

l  o  Aiu  in  overcoming  the  static  and  gen¬ 
eral  noise-level  encountered  in  trans¬ 
oceanic  telephony,  a  device  known  as  the 
Compandor  (from  Compressor  and  Ex- 
pandor  )  has  been  developed  by  engineers 
of  the  Hell  Telephone  Laboratories.  At 
the  transmitting  end  the  Compandor  com- 
pre^ses  the  range  of  volume  in  the  voice 
freiiuencies,  so  that  all  of  the  speech 
sounds  are  a>  nearly  equally  loud  as  pos¬ 
sible.  .\11  parts  of  the  speech  are  thus 
eiinally  effective  in  piercing  static  and 
the  other  noise  encountered  in  the  trans¬ 
mission  overseas.  At  the  receiving  end 
the  expander  part  of  the  compandor  ex- 
jiands  the  range  of  volume  to  its  original 
state  thus  restoring  the  naturalness  of  the 


sound.  The  device  is  used  in  conjunc¬ 
tion  with  the  speech-inversion  secrecy 
apparatus. 

The  need  for  some  such  system  has 
been  long  recognized.  The  loudest  parts 
of  telephone  speech  are  some  70  decibels 
more  intense  than  the  weakest,  an  energy 
ratio  of  10,()(X),000  to  1.  In  order  to 
compress  partially  this  wide  range, 
manually  operated  volume  controls  have 
been  installed  which  bring  the  range  of 
volume  down  to  about  30  decibels,  thus 
greatly  increasing  the  effectiveness  of 
the  signal  transmission.  The  compandor, 
completely  automatic  in  operation, 
further  compresses  the  volume  range  to 
15  db.,  an  energy  ratio  of  only  32  to  1. 
The  result  of  this  compression  is  a  more 
economical  operation  of  the  radio  trans¬ 
mitter.  which  can  thus  be  used  at  full 
capacity  all  of  the  time,  and  it  has  also 
made  possible  an  increase  in  the  time 
during  which  commercial  transmission 
is  possible,  since  about  5  decibels  of  addi¬ 
tional  noise  can  be  tolerated  in  the  trans¬ 
mission  path. 

The  principle  of  the  Compandor  rests 
in  the  fact  that  the  amplifying  vacuum 
tubes  used  are  operated  on  the  non-linear 
portions  of  the  characteristic  curve. 
The  resulting  amplitude  distortion  is 
used  to  increase  automatically  the  in¬ 
tensity  of  the  weaker  parts  of  the  speech 
in  an  inverse  proportion  to  their  original 
strength. 


WASHINGTON’S  “VOICE  OF  TRAFFIC  SAFETY  ’ 

4  f 


The  Washington,  D.  C.,  police  commissioners  send  this  motorized  loudspeaker 
to  cruise  around  on  the  Capitol’s  streets  and  loudly  call  attention  to  infractions 

of  traffic  rules 
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Precision 

condenser 


at  radio  frequencies 


BY  E.  L.  HALL 
and  W.  D.  GEORGE 

Bureau  of  Standards 
IVashington,  D.  C. 


A  SIMPLE  method  in  common  use  for  calibrating  a 
variable  air  condenser  consists  of  connecting  a 
suitable  coil  to  the  condenser  terminals  and  tuning 
a  radio- frequency  generator  to  resonance  with  the  coil- 
condenser  combination  (hereafter  abbreviated  as  LC). 
Resonance  may  be  indicated  by  a  simple  series  circuit 
containing  a  small  coil,  coupled  to  the  coil  in  the  calibrat¬ 
ing  circuit  LC,  a  sensitive  dc.  microammeter,  and  a  crys¬ 
tal  rectifier.  The  capacity  of  C  is  determined  by  substi¬ 
tuting  a  calibrated  condenser  for  C  and  retuning  the 
measuring  circuit  to  resonance.  A  second  calibration 
point  is  obtained  in  a  similar  manner,  but  the  frequency 
is  different,  because  the  capacity  has  been  changed,  as¬ 
suming  that  a  fixed  inductor  is  used  for  L,  as  is  usually 
most  convenient.  A  calibration  made  in  this  manner 
covers  a  range  of  frequencies.  If  it  is  desired  to  make  a 
calibration  at  one  frequency  over  the  entire  scale  of  the 
condenser,  the  above  method  is  not  feasible  unless  a  suit¬ 
able  variable  inductor  is  available. 

A  method  sometimes  used,  which  permits  of  such  a 
calibration,  provides  for  the  connection  of  the  calibrated 
condenser  in  parallel  with  the  condenser  to  be  tested. 
The  amount  of  capacity  added  in  one  condenser  is  taken 
from  that  in  the  other  and  thus  the  total  equivalent  LC 
product  is  kept  the  same.  However,  errors  are  involved 
due  to  the  inductance  and  capacity  between  the  leads 
connecting  the  two  condensers  when  the  capacity  is 
changed  from  maximum  to  minimum.  There  is  also  the 
difficulty  of  obtaining  a  sharp  resonance  indication  re¬ 
sulting  in  error  in  adjustment  of  the  condenser. 

The  method  described  in  this  paper^  eliminates  such 
errors,  gives  great  precision  of  adjustment,  calibration 
at  one  frequency  throughout  the  scale  range,  and  great 
convenience  in  operation. 

In  order  to  take  advantage  of  the  great  precision  ])os- 
sible  with  this  method,  it  is  necessary  that  condenser 
scales  with  very  fine  graduations  be  avaliable,  and  that  a 


strictly  linear  calibration  apply  to  the  variable  condensers 
used.  The  best  construction  possible,  both  as  to  design 
and  workmanship,  is  required  if  the  possibilities  of  the 
method  are  to  be  realized  fully. 

Precise  method  of  condenser  calibration 

The  beat-note  method  of  detecting  small  changes  in 
capacity  at  radio  frequencies  has  been  used  by  a  number 
of  investigators.”  However,  the  method  described  here 
incorporates  several  improvements  whereby  cajxicity 
measurements  can  be  made  to  a  greater  degree  of  pre¬ 
cision  than  that  attained  previously. 

By  this  method  of  calibrating  condensers  advantage  is 
taken  of  the  fact  that,  with  an  LC  circuit  operating  at  its 
natural  frequency  by  means  of  a  vacuum  tube  oscillator, 
a  small  change  in  C  causes  a  sufficiently  large  change  in 
frequency  to  be  readily  detected.  The  method  of  de¬ 
tecting  the  very  small  radio- frequency  change  in  this 
system  is  to  compare  the  changing  fre(juency  with  a  con¬ 
stant  radio- frequency  source. 

The  method  of  adjusting  the  LC  oscillator  to  a  know?i 
frequency  is  by  means  of  the  beat  note  between  it  and 
a  piezo  oscillator  or  other  frequency  standard.  A  de¬ 
tector-amplifier,  Fig.  1(b),  and  a  telephone  headset  or 
loud  speaker  produce  the  audio-frequency  beat  note. 
The  amount  of  coupling  between  the  detector-amplifier 
and  the  LC  oscillator  should  be  just  sufficient  to  give  an 
audio- frequency  beat  note  that  can  be  definitely  distin¬ 
guished.  .\  short  wire  or  antenna  connected  to  the  de¬ 
tector  is  usually  sufficient.  When  the  LC  oscillator  is 
adjusted  to  a  harmonic  or  a  sub-harmonic  of  the  piezo 
oscillator  or  freejuency  standard  greater  coupling  is  nec¬ 
essary.  The  increased  coupling  can  be  obtained  by  mov¬ 
ing  the  antenna  nearer  the  oscillator.  Measurements  of 
the  capacity  of  a  mica  condenser,  for  e.xample,  can  be 
readily  made  at  a  numl)er  of  harmonics  of  the  standard 
frequency  and  the  change  in  capacity  with  frequency  can 
be  readily  determined. 

The  condenser  to  be  calibrated  is  connected  in  the 
tuned  circuit  of  a  vacuum-tube  oscillator.  In  Fig.  1(a) 
this  condenser  is  shown  at  Cx  and  is  connected  into  the 
circuit  by  closing  switch  to  position  1.  The  inductor 
L  is  one  of  a  set  of  interchangeable  coils  of  the  honey¬ 
comb  type.  By  substituting  various  coils  and  adjusting 
conden.ser  C,  the  oscillator  is  tuned  to  the  frequency  at 
which  the  calibration  is  desired.  Variable  condenser  (' 
must  have  a  capacity  equal  to  or  greater  than  Cx,  so  that 
when  Cx  is  changed  to  get  different  points  of  calibration. 
C  can  be  increased  or  decreased  to  keep  the  oscillator 
frequency  at  the  same  value.  With  C,  set  at  the  desired 
point  on  its  scale  and  the  frequency  adjusted  to  the 
desired  value,  switch  .S'  is  thrown  to  position  2 ;  C,  is 


<c> 


Fig.  1 — Diagram  showing  essential  parts  used  in 
calibrating  condensers 
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then  adjusted  until  tlie  oscillator  frequency  is  eijual  to 
its  value  with  switch  S  in  position  1.  The  capacity 
shown  by  the  standard  condenser  C,  is  then  e()ual  to  the 
cai)acity  of  Cx,  within  the  limit  of  accuracy  of  the  equip¬ 
ment.  Switch  6'  can  be  rapidly  changed  from  one  i)osi- 
tion  to  the  other  many  times  during  the  adjustment.  Any 
drift  in  the  oscillator  frccjiiency  can  thus  be  detected. 

The  LC  oscillator  can  he  set  approximately  by  tuning 
it  to  zero  beat  with  a  harmonic  or  sub-harmonic  of  the 
standard  frequency.  However,  for  an  accurate  fre¬ 
quency  setting  of  the  oscillator,  the  beat  note  is  adjusted 
to  a  constant  .audio  frecjuency,  in  this  case  1000  cycles 
|)er  second.  To  do  this,  the  heterodyne  note  is  adjusted 
to  zero  beat  with  the  fre(|uency  of  an  electrically-driven 
1000-cycle  tuning  fork.  Fig.  1(c).  Care  must  l>e  taken 
to  see  whether  the  LC  oscillator  is  adjusted  1000  cycles 
.above  or  below  the  standard  freciuency,  to  determine  the 
exact  frequency  of  calibration.  The  condenser  C,  could 
possibly  be  adjusted  to  give  a  frequency  20(X)  cycles 
different  from  the  fre(juency  with  condenser  Cx  in  the 
circuit  thus  giving  an  inaccurate  calibration. 

It  will  be  noticed  that  the  I.C  oscillator  used  is  f)f  the 
dynatron  type,  chosen  because  of  its  simplicity  and  fre¬ 
quency  stability.  If  the  oscillator  is  allowed  a  warming- 
up  i)eriod  of  about  an  hour,  the  frequency  drift  is  very 
slight.  During  the  short  time  re(juired  to  get  a  calibra¬ 
tion  point  the  fre(|uency  drift  is  very  little  indeed.  .\11 
parts  of  the  LC  oscillator  are  shielded  except  the  bat¬ 
teries  and  switch  S,  thus  reducing  to  a  considerable  ex¬ 
tent  the  effect  of  body  cajxicity  on  the  frequency 
stability.  The  standard  condenser  C,  has  its  rotor  and 
shield  grounded.  If  possible,  the  condenser  under  test 
is  likewise  grounded. 

Some  difficulty  was  encountered  in  obtaining  a  suitable 
means  of  switching  from  the  standard  condenser  to  the 
condenser  under  test.  .\  low-capacity  switch  that  would 
allow  a  rapid  change  from  one  condenser  to  the  other 
W.1S  required;  this  procedure  being  repe.'ited  a  number  of 
limes  for  each  adjustment.  In  the  final  .set-up,  a  switch 
such  as  IS  show’ll  in  Fig.  2  was  used.  This  switch  con¬ 
sisted  of  a  movable  copjier  arm  (a)  and  pyrex  tube> 

( bb)  mounted  on  a  b.ikelite  frame.  A  small  brass  cup 
was  placed  in  the  top  of  each  jiyrex  tube.  One  ciqi  wa> 
connected  to  the  insulated  post  of  the  standard  con¬ 
denser,  and  the  other  to  the  insulated  |K)st  of  the  con¬ 
denser  to  l)e  tested.  The  arm  (a)  was  soldered  n*  a 
shaft  (s).  The  shaft  was  mounted  in  brass  hearings 
and  connected  to  the  i)late  of  the  LC  oscillator  tube. 
Mercury  was  jdaced  in  the  cu])S,  thus  giving  good  con¬ 
tact  when  the  switch  was  closed.  .X  long  wooden  dowel 
ro<l  having  one  eiul  fastened  to  (s)  was  used  to  o]K*rate 
the  switch.  All  leads  were  m.ade  symmetrical,  as  indi¬ 
cated  in  Fig.  1(a),  and  the  switch  w’.as  removed  a>  far 
as  jx>ssible  from  nearby  objects. 

The  frequency  range  over  w’hich  a  condenser  can  he 


Fig.  2 — Switch  used  for  rapidly  substituting 
standard  condenser  for  condenser  under  cali¬ 
bration 


calibrated  depends  on  the  capacity  of  the  condenser  and 
the  range  over  which  the  circuit  arrangement  [Fig.l  (a)  ] 
will  sustain  continuous  oscillations.  It  has  been  shown 
that  a  dynatron  oscillator  will  operate  as  long  as  the 
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A  MOST  PRECISE  method  of  cali¬ 
brating  condensers  is  given  in  this 
article.  It  utilizes  a  dynatron  oscil¬ 
lator.  By  its  means  a  condenser  of 
3000  fifif  can  be  measured  accurately 
to  within  0.02  m‘f  at  300  kc/sec. 
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impedance  of  the  i>scillating  circuit  is  greater  than  the 
negative  resistance  of  the  vacuum  tube.  No  special 
search  w’as  made  for  a  vacuum  tube  having  a  low  nega¬ 
tive  resistance.  Condensers  having  a  maximum  ca|>acity 
as  listed  below  could  not  be  calibrated  above  the  fre- 
(piency  shown  when  a  25-turn  honeycomb  coil  w-as  used 
in  the  oscillating  circuit. 

3000  mmI —  300  kc/s 
2000  MMf—  500  kc/s 
1000  /i/if— 1000  kc/s 

It  will  be  understood  that  condensers  having  the  maxi¬ 
mum  sizes  given  above  can  readily  lie  calibrated  at  fre- 
<|uencies  below  those  shown. 

Precision  of  measurement 

calibration  made  at  one  frequency  with  a  fixed  in¬ 
ductance  in  the  oscillatory  circuit  allows  a  precision  of 
setting  which  is  practically  the  same  throughout  the 
range  of  a  straight-line-capacity  conden.ser.  The  method 
is  most  precise  with  a  large  inductance  and  small  ca¬ 
pacity  or  when  the  L/C  ratio  is  large.  .A  higher  fre- 
(|uency  would  in  general  give  a  more  precise  calibration, 
riiere  is  a  practical  limit,  however,  as  increasing  the 
L/C  ratio  causes  greater  in.stability  of  the  LC  oscillator, 
as  may  Ik*  i)roved  experimentally.  Dissymmetry  in  the 
capacity  (tr  inductance  of  the  sw’itch  or  of  the  switch 
leads  may  cause  an  error  in  the  calibration  unless  elimi¬ 
nated  when  first  constructed  by  balancing  the  switch  and 
leads  with  the  standard  and  test  condenser  removed. 

The  small  error  introduced  by  different  power  factors 
or  resistances  of  the  two  condensers  is  neglected  because 
an  equivalent  effective  capacity  is  given  by  the  method. 
Inexact  adjustment  of  the  oscillator  frequency  probablx 
accounts  for  the  greatest  error  of  calibration,  althougii 
an  examination  of  Fig.  3  shows  the  latter  error  to  be 
very  small.  The  chart  (Fig.  3)  shows  the  relation  be¬ 
tween  inductance,  capacity,  and  frequency  as  given  in  the 
formula 


-V  v  I.C 

where  /  is  frequency  in  cycles  per  second,  L  is  induc¬ 
tance  in  henrys,  and  C  is  capacity  in  farads.  At  the 
frequencies  given  on  the  left  of  the  chart  a  change  in  / 
of  10  cycles  per  second  necessitates  a  capacity  change  of 
only  the  small  amount  shown  at  the  bottom  of  the  chart. 
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At  300  kilocycles  per  second  a  setting  within  0.2  uuf  in 
3000  ppf  can  be  obtained  with  a  frequency  adjustment 
correct  to  ±10  cycles.  At  this  frequency  it  is  not  diffi¬ 
cult  to  adjust  the  oscillator  within  ±1  cycle,  thus  giving 
a  setting  within  0.02  ppf  in  3000  puf.  With  small  con¬ 
densers  of  the  order  of  100  ppf  and  a  frequency  near 
1000  kilocycles  per  second  a  capacity  setting  within 
±0.001  ppf  is  not  difficult  to  obtain. 

The  method  described  offers  a  number  of  advantages 
over  other  methods  for  calibrating  condensers  at  radict 
frequencies.  The  precision  of  adjustment  possible  is  far 
beyond  that  with  which  the  condenser  scale  may  he  read 
and  greatly  exceeds  the  accuracy  with  which  the  con¬ 
denser  can  be  relied  upon  to  maintain  its  calibration. 
The  apparatus  used  is  easy  to  operate  and  allows  rapid 
precise  calibration  of  condensers  having  a  range  from  a 
few  to  several  thousand  micromicrofarads.  It  permits 
of  the  precise  calibration  of  a  variable  condenser  through¬ 
out  its  range  at  one  radio  frequency;  it  makes  possible 
the  precise  measurements  of  very  small  capacities.  It 
also  offers  a  convenient  method  for  use  in  investigations 
such  as  the  change  in  capacity  with  frequency  of  mica 
condensers,  and  the  small  change  in  capacity  of  conden¬ 
sers  due  to  temperature,  pressure  or  humidity  changes. 
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TUBES 

would  seem  that  more  could  have  been 
said  by  way  of  an  introduction  to  the 
subject  of  alternating  current  ampli¬ 
fiers  including  the  very  useful  alternat¬ 
ing  current,  transformer  coupled  indi¬ 
cating  instrument.  Something  might 
also  have  been  said  as  to  the  limitations 
tube  and  other  circuit  noises  place  on 
small  impulse  amplification,  as  a  cau¬ 
tion.  In  the  same  way  many  readers 
may  wish  for  more  material  on  the 
cathode  ray  tube  and  its  application. 

Fortunately,  the  treatment  here  given 
neglects  neither  the  hard  tube  nor  the 
gas  filled  device  nor  does  it  bring  to 
light  prejudices,  obsessions  or  whims 
of  the  writer,  a  defect  so  often  ap¬ 
parent  in  technical  books.  Those 
schooled  in  the  high  vacuum  or  hard 
tube  field  and  those  of  the  soft  and  ga 
filled  tube  field  alike,  will  profit  by  in 
eluding  this  work  in  their  library. 

Not  only  should  this  brx)k  be  of  value 
to  the  engineer  of  the  field  but  also  to 
the  student  and  to  the  professional  re¬ 
searcher  and  teacher  as  well. — Edw.vkd 
L.  Bowles. 
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Electron  tubes 
.  in  industry 

By  Keith  Henney,  Managing  Editor, 
Electronics.  McGraw-Hill  Book 
Company,  New  York.  (490  pages. 
Price  $5.00.) 

The  book  Electron  Tubes  in  Industry” 
fills  a  need  that  has  existed  in  increas¬ 
ing  degree  for  many  years.  It  is  a  wel¬ 
come  addition  to  the  great  fund  of  avail¬ 
able  literature  on  ionic  tubes.  In  spite 
of  its  crowded  surroundings,  this  book 
stands  almost  alone  as  a  comprehensive 
treatment  of  the  many  applications  of 
vacuum  tubes  in  the  fields  of  measure¬ 
ment,  photometry,  color-analysis,  relay 
control  as  well  as  in  a  host  of  other  com¬ 
prehensive  capacities  —  particularly 
those  industrial  in  character. 

The  author  has  done  a  careful  job  in 
the  selection  of  material — no  small  task 
considering  the  complex  ramifications 
of  the  tube  art — particularly  in  relation 
to  its  manifold  applications.  Fortunately, 
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this  selection  is  sufficiently  inclusive  not 
to  rule  out  of  consideration  laboratory 
workers  and  other  investigators  as  the 
title  might  imply.  The  treatment,  par¬ 
ticularly  of  direct- voltage  amplifiers, 
voltmeters,  including  the  logarithmic 
form,  and  cathode  ray  oscillographs  is 
helpful  in  the  broad  aspects  of  tube  ap¬ 
plications. 

The  organization  of  the  material  gives 
evidence  of  careful  weighing  of  values, 
for  example,  as  to  comparative  import¬ 
ance  of  high  vacuum  and  gas  filled  types 
of  tubes.  The  space  allotted  to  the  (lif- 
ferent  divisions  is  quite  in  keeping  with 
the  requirements  of  or  adequate  explana¬ 
tion  of  principles  governing  the  opera¬ 
tion  of  the  individual  vacuum  devices 
themselves  and  separately  the  principles 
of  their  uses.  This  careful  treatment 
should  lead  the  reader  to  a  useful  ap¬ 
preciation  of  other  new  and  related  ap¬ 
plications  to  his  needs. 

One  may  find  the  first  chapter  a  bit 
misleading  as  to  title  and  a  bit  ques¬ 
tionable  as  to  the  light  it  throws  on  the 
substance  of  the  book.  Furthermore,  it 


CAPACITY  CHAN6C, 

PRODUCING  FfiEOUENCr  CHANGE. 


Fig.  3 — Chart  showing  precision  obtainable  by 
method  described  if  frequency  adjustment  is  in 
error  by  ten  cycles  per  second 


A  method  for  detecting  very  small  changes  In  capacity  and 
its  application  to  changes  in  capacity  of  an  air  condenser  due 
to  pressure  and  humidity  changes.  G.  D.  Rock.  Catliollc  Unl- 
ver.sity  of  America;  1927. 

Beat-note  method  and  apparatus  for  measuring  small  ca¬ 
pacities.  G.  B.  Gelder.  Radio  Engineei'ing,  vol.  8,  p.  17,  Sept., 
1928. 

A  new  method  of  dielectric  constant  measurement  at  radio 
frequencies.  H.  L.  Andrews.  Physics,  vol.  1,  pp.  366-379,  Dec., 
1931. 

Double  beat  note  method  of  frequency  adjustment.  Applica¬ 
tions  to  the  measurement  of  capacity  and  inductance.  F.  M. 
Colebrook.  Wireless  Engineer  d  ExpeiHmental  Wireless,  vol.  8, 
pp.  639-646  ;  Dec.,  1931. 

Radio  Frequenri)  Electrical  Measurements,  H.  A.  Brown,  pp. 
15-19.  McGraw-Hill  Book  Co.,  1931. 

High-Frequency  .Measurements,  A.  Hund,  p.  224.  McGraw- 
Hill  Hook  Co.,  1933. 


Applied  acoustics 

By  Harry  I\  Olson  and  Frank  Massa, 
both  of  the  Research  Laboratories, 
RCA  Victor  Company,  Inc.  R. 
Blakiston's  Son  and  Co.,  Inc.,  Phila¬ 
delphia.  (430  pages,  price  $4.50. 
1934.) 

Since  the  development  of  electrical 
methods  and  instruments  for  use  in 
acoustic  engineering  has  occupied  the 
foremost  position  in  that  held  during 
the  past  ten  years,  it  is  to  be  expected 
that  hooks  dealing  with  acoustics  should 
become  increasingly  concerned  with 
electrical  technique  and  apparatus. 
This  book,  although  its  title  suggests  a 
general  treatment,  is  devoted  almost  ex¬ 
clusively  to  electro-acoustical  instru¬ 
ments.  Chapters  are  included  which 
develop  the  e<iuations  of  general  acous¬ 
tic  theory  and  which  treat  architectural 
and  psychological  acoustics  and  noise 
measurement,  hut  they  are  definitely 
subordinated  to  the  discussion  of  elec¬ 
trical  methods. 

The  chief  value  of  the  book  to  the 
engineer  lies  in  its  exhaustive  descrip¬ 
tion  of  the  various  types  of  electro- 
acoustical  instruments:  microphones, 
telephone  receivers  and  loudspeakers. 
Nearly  two  hundred  pages  are  devoted 
to  description  of  mechanical  and  elec¬ 
trical  details,  underlying  theory,  operat¬ 
ing  characteristics,  and  methods  of  test¬ 
ing,  of  these  instruments  alone.  Thirty 
separate  fre(|uency-response  curves  are 
included  in  this  section. 
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The  remainder  of  the  book  is  occu¬ 
pied  with  the  explanation  of  basic 
acou>tical  concepts,  and  with  the  meth¬ 
ods  used  for  their  measurement.  The 
first  fifty  pages  are  devoted  to  a  rigor¬ 
ous  mathematical  development  of  the 
e(|uations  of  dynamical  systems.  While 
this  theory  is  the  logical  basis  for  the 
design  and  operation  data  which  follow, 
it  tends  to  discourage  the  reader  whose 
primary  interest  is  practical  application. 


Loud  speakers — 
theory,  performance, 
testing  and  design 

By  .V.  //’.  McLachlan.  Published  by  the 
Oxford  r)ii7’ersify  Press,  104  Fifth 
.h’eiiite.  .V.  r.  City.  (412  pages,  165 
figures.  Price  40  s.  i  $13.50). 

This  i-.ook  provides  in  one  volume  a 
great  deal  of  the  theory  and  experi¬ 
mental  ilata  relating  to  loud  speakers, 
which  have  appeared  in  a  number  of 
clas>ical  works  on  sound,  and  in  papers 
in  the  technical  press.  In  addition,  it  in¬ 
cludes  much  in  the  way  of  new  material 
l)a>ed  on  the  author’s  own  researches. 

file  >ubject  is  treated  in  twenty  chap¬ 
ters.  of  wliich  eleven  are  largely  theo¬ 
retical.  and  the  remainder  deal  with  con¬ 
siderations  affecting  the  design  and 
measurement  of  practical  loud  speakers. 
The  theoretical  portion  commences  with 


WINDING  VOICE-COILS  UNDER  GLASS 


Magnifying  glasses  have  to  be  used  to  wind  the  No.  38 
enamel-covered  wire  onto  the  voice-coils  of  5-inch  speak¬ 
ers,  in  the  Magnavox  factory  at  Fort  Wayne,  Ind. 


the  theory  of  sound  propagation  in  air, 
and  considers  the  radiation  of  sound 
from  simple  sources  under  various  con¬ 
ditions.  This  is  followed  by  chapters 
which  treat  of  the  reaction  of  the  sound 
propagating  medium  on  the  source,  the 
vibrational  characteristics  of  various 
types  of  radiators  with  the  limitations 
due  to  their  practical  use,  the  spatial  dis¬ 
tribution  of  sound  from  vibrating  dia¬ 
phragms,  and  the  acoustic  power  radi¬ 
ated  by  vibrators  of  different  shapes. 
The  theory  of  the  moving  coil,  or  “dy¬ 
namic"  speaker  is  next  treated  in  detail, 
and  numerical  e.xamples  relating  to  coil- 
driven  disks  are  included  in  which  the 
theoretical  relationships  are  applied.  A 
special  chapter  is  devoted  to  the  theory 
and  practical  performance  of  electro¬ 
static  loud  speakers. 

The  theory  of  horns  is  taken  up  ne.xt, 
and  a  chapter  is  devoted  to  the  distor¬ 
tion  which  may  result  when  sound  pres¬ 
sures  of  considerable  amplitude  e.xist  at 
the  throat  of  a  horn.  The  final  chapter 
of  the  theoretical  portion  deals  with 
transients  in  coil  driven  disks. 

In  the  succeeding  chapters  the  theory 
is  applied  to  the  design  and  testing  of 
various  types  of  free-radiating  and  horn 
loud  speaker.  'I'he  various  types  of 
driving  systems  are  described  and  the 
special  considerations  affecting  the  de¬ 
sign  of  loud  speaker  magnets  are  very 
fully  treated.  Measurement  methods  are 
given  for  efficiency,  electrical  and 
mechanical  impedance,  frequency  re¬ 
sponse  and  directional  characteristics. 
One  chapter  deals  with  the  measurement 
of  vibrational  frequencies  or  modes  of 
conical  shells,  to  which  the  author  has 
made  a  number  of  original  contribu¬ 
tions.  It  is  unfortunate  in  this  that  in¬ 
sufficient  consideration  has  been  given  to 
the  subject  of  circularly  corrugated 
cones,  in  which  the  vibrational  perform¬ 
ance  is  not  as  complex  as  in  the  case  of 
the  flat  cones  which  the  author  treats 
extensively. 

The  book  closes  with  chapters  on  the 
design  considerations  of  horn  and  horn¬ 
less  loud  speakers,  with  specific  ex¬ 
amples  worked  out. 

A  considerable  quantity  of  experi¬ 
mental  curves  and  tabulated  data  use¬ 
ful  for  design  purposes  is  included 
throughout  the  volume,  and  the  author’s 
comments  at  various  points  in  the 
theoretical  treatment,  with  regard  to  its 
applicability  in  practical  cases,  are 
illuminating  and  interesting.  There  are 
complete  lists  of  symbols  and  definitions 
at  the  beginning,  and  a  comprehensive, 
classified  bibliography  at  the  end. 

The  book  is  authoritative,  clear  and  the 
most  complete  treatment  of  the  subject 
which  has  as  yet  appeared.  While  it  is 
of  an  advanced  nature,  and  is  a  special¬ 
ized  treatment  of  a  highly  specialized 
field,  it  will  serve  especially  well  to  give 
students  a  thorough  grounding  in  the 
principles  underlying  acoustical  appa¬ 
ratus;  while  those  actively  engaged  in 
desig^n  work  will  find  it  stimulating  and 
helpful  as  a  reference  volume. — 
J.  Weinberger. 
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NOTES  ON  ELECTRON 


There  are  several  changes  which  may 
be  made  in  Fig.  1  to  improve  its  char¬ 
acteristics  and  simplify  its  operation. 
The  diode  plates  of  a  duplex  triode  or 
pentode  may  be  used  as  the  diode  peak 
rectifier  in  place  of  the  first  30  tube  of 
Fig.  1(a)  and  the  triode  or  pentode  ele¬ 
ments  may  be  used  as  the  d.c.  amplifier. 

F'ig.  l(b)shows  a  power  operated 
voltmeter  utilizing  a  55  tube.  The  bias 
on  the  diode  is  for  the  purpose  of  re¬ 
ducing  its  initial  current  to  zero;  other¬ 
wise  changing  the  range  switch  position 
changes  the  steady  current  in  the  meter 
and  hence  requires  readjustment  of  the 
bucking  current-resistor  R'. 

Since  the  diode  bias  is  also  the  d.c. 
amplifier  grid  bias,  a  plate  voltage  of 
45  volts  is  chosen  which  gives  a  point 
on  the  linear  part  of  the  plate-current 
grid-voltage  characteristic  of  the  tube. 
The  calibration  curves  shown  are  of  the 
meter  of  Fig.  1(b). 

The  relay  shown  in  the  plate  circuit 
is  for  the  purpose  of  protecting  the 
meter  while  the  tube  is  warming  up. 
Since  the  bucking  current  would  nor¬ 
mally  flow  through  the  meter  as  soon 
as  the  power  is  turned  on,  the  relay  is 
connected  to  short  the  meter  with  no 
current  flowing  in  its  windings.  When 
the  plate  current  reaches  a  point  where 
the  bucking  current  minus  the  plate  cur¬ 
rent  can  be  safely  passed  through  the 
meter,  the  relay  operates  and  unshunts 
the  meter. 

Other  tubes  than  the  55  may  be  used 
in  this  voltmeter.  In  choosing  a  tube, 
however,  it  should  be  remembered  that 
the  plate  current  variation  must  be 
linear  over  the  range  of  rectified  volt¬ 
ages  plus  unrectified  a.c.,  since  the  a.c. 
voltage  is  applied  to  the  d.c.  amplifier 
grid.  Plate  rectification  of  the  a.c. 
voltage  under  certain  conditions  may 
largely  offset  the  effect  of  the  diode  rec¬ 
tification  since  the  two  have  opposite 
effects  on  the  plate  current. 

To  conclude,  the  diode-rectifier  d.c. 
scribed  gives  full  scale  reading  on  a  amplifier  vacuum  tube  voltmeter  reads 
500  Ma.  meter  for  one  volt  peak  applied,  peak  volts,  covers  a  wide  range  of  volt- 

Fig.  1(a)  shows  a  type  30  tube  acting  ages,  has  a  linear  scale,  uses  an  inex- 
as  a  diode  rectifier  charging  condenser  pensive  current  meter  and  has  an  excel- 
C,  which  in  turn  discharges  at  a  steady  lent  frequency  characteristic, 
rate  through  resistor  R.  For  true  peak 
voltage  indication  R  should  have  several 
megohms  total  resistance.  The  second 
tube,  which  may  also  be  a  type  30,  acts 
as  a  d.c.  amplifier.  A  point  on  R  is  se¬ 
lected  by  means  of  the  tap  switch,  such 
that  the  d.c.  drop  applied  to  the  grid  of 
the  second  tube  gives  a  current  change 
within  the  meter  range.  Since  the  taps 
are  for  d.c.  voltage  division  only,  this 
system  introduces  no  frequency  discrim-  A  remote  metering  system  using  over- 
ination.  The  maximum  voltage  measur-  biased  triodes  has  been  developed  by 
able  by  this  method  is  determined  by  Esterline-Angus.  The  tubes  are  supplied 
the  inverse  peak  of  the  rectifier,  which  with  a.c.  for  plate  and  filament  and  ree¬ 
ls  of  the  order  of  a  few  hundred  volts  tified  a.c.  for  the  grid.  The  tubes  acting 
in  the  case  of  receiving  type  tubes.  as  rectifiers  produce  a  direct  current 


A  diode-triode 

peak  voltmeter 

By  a.  W.  Barber 
Consulting  Engineer 

Vacuum  tube  voltmeters,  while  hav¬ 
ing  an  undisputed  place  in  the  ranks  of 
the  most  useful  of  laboratory  apparatus, 
often  suffer  from  inaccuracy  when  ap¬ 
plied  to  non-sinusoidal  wave  forms. 
Some  voltmeters  have  used  square-law 
regions  of  operation  with  success  over 
a  limited  range  of  input  values.  A  diode 
employing  a  large  bias-producing  re¬ 
sistor  yields  a  current  proportional  to 
the  pe^  of  the  applied  voltage  over  a 
wide  range.  The  current  for  nominal 
voltages  is  low  in  such  a  diode,  but  a 
d.c.  amplifier  overcomes  this  difficulty, 
making  it  possible  to  use  an  inexpensive 
indicating  meter.  The  meter  to  be  de- 


which  changes  when  the  quantity  to  be 
measured  varies. 

The  system  consists  of  a  meter  to 
measure  the  values  to  be  transmitted, 
the  tubes  which  produce  current  varia¬ 
tions  corresponding  to  these  values,  and 
a  recording  instrument  at  the  receiving 
end.  In  the  diagram  A/,  represents  a 
primary  meter,  or  a  member  actuated 
by  it.  Above  it  is  A/,  which  is  the 
movement  of  a  D’Arsonval  meter.  The 
latter  carries  a  contact  which  floats 
between  two  contacts  carried  by  the 
moving  member  of  the  primary  meter. 
Two  of  the  tubes  are  detectors,  as  men¬ 
tioned,  the  third  is  a  two-element  recti¬ 
fier  furnishing  bias  for  the  other  tubes. 

If  the  reading  of  the  primary  meter 
increases,  contacts  A  engage  causing 
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Fig.  1 — Circuits  and  calibration  of 
peak  voltmeter 


the  grid  bias  to  decrease,  thereby  in¬ 
creasing  the  plate  current.  This  increased 
current  flows  through  the  line,  the 
recording  instrument  and  the  D’Arson¬ 
val  movement.  As  soon  as  the  latter 
takes  up  the  new  position  required  by 
the  increased  current  flow  the  contacts 
open  and  the  bias  voltage  returns  to  its 
original  position.  The  recording  instru¬ 
ment  changes  its  position  only  when 
the  D’Arsonval  movement  changes  its 
position.  If  the  primary  meter  de¬ 
creases  its  indication,  the  reverse  cycle 
occurs. 

Quantities  that  can  be  transmitted 
include  power,  voltage,  current  in  a-c 
circuits,  power  factor,  water  level,  etc. 
The  power  consumption  of  the  device 
is  approximately  1.50  watts. 


Telemeterins  system 
using  vacuum  tube 
detectors 
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Conversion  factors 


TUBES  AND  CIRCUITS  +  + 


Converting  pentode 
characteristics 

A  CHART  published  as  an  engineering 
application  note  by  RCA  Radiotron 


Pentt>de  conversion  chart 

makes  possible  calculating  the  charac¬ 
teristics  of  a  pent<Mle  when  used  with 
voltages  for  grids  and  plate  other  than 
that  advised  by  the  tube  manufacturer. 
If,  for  example,  it  is  desired  to  operate 
an  8d-type  tulK*  with  a  plate  voltage  of 
200  instead  of  the  recommended  value 
of  250  or  180,  what  will  he  the  correct 
operating  conditions? 

The  ratio  of  the  new  plate  voltage  to 
that  given  by  the  manufacturer’s  curves 
and  data  is  200  250  =  0.8.  This  is 

called  the  voltage  conversion  factor  and 
is  identified  as  /'V.  Multiplying  the 
screen  and  control  grid  volts  given  by 
the  manufacturer  for  250  volts  on  the 
plate  gives  the  new  values  to  be  used 
with  200  volts  on  the  plate. 

This  conversion  factor,  used  with  the 
curve  .shown  gives  all  the  rest  of  the 
data  a  designer  will  need. 

♦ 

SimpliFied  electronic 
units  control  theatre 
lighting 

1’>Y  J.  \V.  Dawson 
U'fstinghouse  R.  Sr  M.  Co. 

Hf.forf,  thf.  advf.nt  of  electronic 
control  for  theatre  and  other  mobile 
lighting,  rheostat  “dimming”  was  used 
almost  exclusively.  For  larger  lamp 
croups,  the  rheostat  sometimes  con¬ 


trolled  not  lamp  current  directly,  but 
the  saturating  current  of  power  amplify¬ 
ing  reactors.  Klectronic  control,  when 
introduced,  offered  major  advantages 
in  ease  and  flexibility  of  manipulation. 
These  advantages  were  made  possible 
by  the  lightness  and  compactness  of  the 
new  type  operating  controls.  Minute 
grid  currents  only  were  now  involved 
in  the  primary  control.  All  power 
translating  devices  were  removed  to  a 
remote  location.  Color  grouping  and 
blending,  scene  presetting  and  propor¬ 
tional  fading  were  brought  to  the  oper¬ 
ator’s  finger  tips.  In  short,  large  scale 
color  lighting  manipulation  was,  for  the 
first  time,  placed  on  a  basis  comparable 
to  that  of  music.  Recent  simplifica¬ 
tions  in  electronic  equipment  have  en¬ 
larged  its  field  of  usefulness  through 
reductions  in  installation  and  main¬ 
tenance  expense,  together  with  in¬ 
creased  operating  simplicity. 

New  electronic  dimming  control  units 
operate  entirely  from  a-c  sources.  The 
upper  and  medium  range  units  contain 
little  more  than  the  two  Grid-glow  rec¬ 
tifying  tul)es  required  for  delivery  of 
variable  d-c  >aturating  current  to  power 
amplifying  reactors.  Grid  control  is 
applied  to  one  of  these  for  current 
variation,  while  the  other  serves  merely 
as  a  rectifier.  The  low  range  unit  con¬ 
tains  but  one  IuIm.*,  the  cooperating 
rectifier  being  a  unit  of  the  copper 
oxide  type  mounted  with  the  controlled 
reactor. 

'Tlirough  proper  grid  control  the 
G,rid-glow  tubes  are  made  to  conduct 
current  from  the  line  only  for  the  de¬ 
sired  fraction  of  the  voltage  wave.  In 
this  manner  the  average  voltage  and 
hence  the  d-c  reactor  current  is  varied. 
Two  sizes  of  tul)e  are  employed  in  these 


units,  the  larger  size  being  used  only 
in  the  upper  range  unit. 

Besides  tubes  the  units  contain  fuses, 
two  small  transformers,  filament  and 
grid,  and  a  potentiometer  for  adjust¬ 
ment  of  minimum  illumination  or 
“black  out”  of  the  lamps.  (A  resistor 
tube  mounted  with  the  reactor  provides 
the  maximum  adjustment.)  For  grid 
control,  no  auxiliary  tube  is  used  nor 
are  any  d-c  sources  necessary.  The 
illumination  controlling  potentiometers 
operate  from  a  50  volt  a-c  source  which 
brings  the  operating  control,  with  its 
various  groupings  and  ramifications, 
within  the  scope  of  telephone  type  wir¬ 
ing  and  relaying.  This  control  source 
as  well  as  a  permanent  out-of-phase 
a-c  grid  bias  potential  is  supplied  by 
small  auxiliary  units,  each  capable  of 
supplying  25  electronic  units  or  25 
lamp  circuits. 

In  comparing  electronic  and  rheostat 
type  dimming  for  a  certain  theatre  in¬ 
stallation,  much  depends  upon  the  par¬ 
ticular  installation.  In  general,  the 
greater  power  economy  and  superior 
(juality  of  electronic  control  will  very 
likely  offset  its  somewhat  greater  initial 
and  maintenance  cost.  Simplifications 
of  electronic  equipment  have  enlarged 
its  scope  of  favorable  comparison. 

Particularly  the  electrical  simplicity 
of  the  new  electronic  control  permits 
its  logical  application  to  even  very  small 
mobile  lighting  installations  such,  for 
instance,  as  in  store  window  merchan¬ 
dising  displays.  .\  number  of  exhibits 
at  the  1933  Century  of  Progress  Expo¬ 
sition  were  illuminated  by  this  type  of 
mobile  lighting,  lending  greatly  to  their 
attractiveness.  For  some  of  these  only 
a  few  cubic  feet  of  space  w’as  available 
for  reactors,  electronic  units  and  motor. 


Compactness  and  simplicity  of  operation  are  features  of  this  theater 
light  control  system 
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The  RMA-NEMA 
NRA  Settlement 

The  radio-manufacturers’  NRA  code  situa¬ 
tion  agreement,  by  which  the  radio  industry 
will  work  under  the  NEMA  Electrical  Code, 
but  with  separate  administrative  authority,  has 
worked  out  about  as  was  to  be  expected  in  view 
of  the  present  strong  influence  at  Washington  in 
the  direction  of  fewer  centralized  codes,  rather 
than  separate  special  codes.  Strong  industry 
forces  were  marshalled  on  both  sides  of  the  con¬ 
troversy.  But  with  NRA  trending  in  the  direc¬ 
tion  it  is,  the  National  Industrial  Advisory  Board 
apparently  had  no  other  solution  to  choose. 

Under  the  plan  as  finally  drafted,  RMA  and 
non-member  radio  manufacturers  should  obtain 
most  of  the  benefits  of  radio-industry  autonomy, 
ev’en  if  working  nominally  under  the  code  of  the 
electrical  industry. 


Reducing  short-wave 
interference 

R.  W.  R.  G.  BAKER  of  Camden,  N.  J., 
chairman  of  the  Engineering  Division  of 
the  RMA,  is  to  be  congratulated  on  the  leader¬ 
ship  which  he  and  his  associates  are  putting 
behind  the  aggressive  program  to  reduce  radio 
interference.  Working  with  that  indefatigable 
wheelhorse  of  radio  improvement,  Virgil  Gra¬ 
ham,  Dr.  Baker  is  properly  laying  special 
emphasis  on  eradicating  interference  with  short- 
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wave  reception,  for  it  is  in  these  higher  fre¬ 
quencies  that  the  damage  becomes  more  serious. 

“The  sources  of  interference  are  very  numer¬ 
ous,’’  says  Dr.  Baker,  “and  the  causes  are  scat¬ 
tered  through  many  other  industries.  For 
that  reason  a  well  organized  and  directed  pro¬ 
gram  is  the  only  hope  of  securing  results.  The 
use  of  the  short  waves  for  broadcasting  has  tre¬ 
mendously  broadened  tlie  scope  of  interference 
elimination  work,  and  any  public  use  of  ultra- 
short  wav’es  will  still  further  do  so.  As  a  specific- 
instance,  motor-car  interference  is  not  a  factor 
in  the  standard  broadcast  range,  but  in  many 
locations  it  is  the  limiting  factor  on  short-wave 
reception.” 

The  aid  of  various  organizations  who  can 
help  in  this  work  will  be  enlisted.  It  is  certain 
that  many  organizations  now  dabbling  in  the 
subject  will  welcome  a  definite  program.  To  make 
this  program  a  success  the  plan  must  have  the 
active  cooperation  of  all  radio  companies  through 
their  engineering  departments.  It  will  be  nec¬ 
essary  to  call  on  the  engineers  to  do  experimental 
work  to  obtain  data  which  cannot  be  had  in  any 
other  manner,  and  which  are  up  to  the  receiver 
manufacturers  to  furnish  as  their  contribution. 


Transceivers  on  5  meters — 
a  large-volume  market 

HE  interest  whicli  the  public  and  radio  fans 
are  showing  in  transceivers  and  transceiver 
kits,  suitable  for  operating  on  5  meters,  indicates 
that  another  volume  market  for  radio  merchan¬ 
dise  might  be  opened  up  in  this  direction. 

If  for  $25  the  layman  could  purchase  a  “radio 
telephone,”  capable  of  talking  back  and  forth 
with  a  similar  unit,  over  distances  of  two  or  three 
miles,  many  uses  would  be  found  for  this  new 
facility,  we  think.  Farmers,  campers,  ranchers, 
workmen,  automobile  tourists,  vacationists,  own¬ 
ers  of  small  pleasure  craft,  students  and  others, 
would  all  appreciate  the  service  that  dependable 
transceivers  would  give. 

Of  course,  under  the  law,  the  operator  of  such 
a  transceiver  would  be  required  to  have  a  Federal 
license,  if  the  emission  of  his  unit  crossed  a  state 
line.  But  with  only  half  a  watt  of  power,  or 
thereabouts,  it  could  be  reasoned  that  for  most 
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locations  any  effects  of  tlie  tiny  transmitter  would 
be  entirely  intra-state,  and  therefore  no  license 
would  be  needed. 

Already  the  Federal  Communication  Commis¬ 
sion  has  wisely  provided  a  special  classification  of 
"third-class  phone”  (without  code  requirements) 
for  airplane  pilots,  police  officers,  and  other 
non-technical  men  who  are  operatinji;  "fool-proof” 
transmitting  apparatus.  If  the  new  transceivers 
for  popular  use  could  he  brought  out  with  fixed 
frequency  characteristics,  making  it  impossible  for 
them  to  stray  far  from  the  assigned  frequency, 
the  Commission  should  then  find  it  feasible  to 
grant  licenses  w  ith  very  simple  requirements — not 
involving  tests  for  code,  and  making  the  whole 
issuance  of  a  transceiver  license  about  as  informal 
as  that  of  obtaining  an  automobile  license! 

Here  is  another  promising  field  for  radio 
expansion. 


Press-Radio  collapse  points 
way  to  home  facsimile 

Tllf!  catastrophic  Press-Radio  agreement,  by 
which  stale  and  incomplete  news  is  now  be¬ 
ing  served  to  radio  listeners,  came  in  for  discus¬ 
sion  at  the  broadcasters’  convention  at  Cincinnati. 
As  we  pointed  out  at  the  time  of  the  press 
conferences,  probably  no  more  abject  surrender 
of  radio’s  rights  was  ever  made,  than  this  com¬ 
plete  yielding  to  the  newspapers  by  radio’s 
spokesmen.  A  number  of  stations,  seeing  radio’s 
larger  interests  thus  violated,  have  established 
their  owm  news  services,  and  are  sending  out 
adequate  news  reports,  promptly  and  frequently. 

The  present  collapse  of  the  press-radio  entente 
once  more  points  the  inevitable  future  course  for 
broadcasting,  vi/..:  A  separate  radio  news  serv¬ 
ice,  w'ith  facsimile  transmission  of  a  tabloid 
newspaper  to  home  radio  sets  between  1  and  6 
a.m.,  this  little  newspaper  to  carry  radio  pro¬ 
grams,  news  headlines,  carto<>ns,  styles,  and 
news  pictures. 

Radio  is  in  top  position  when  it  comes  to 
dealing  with  the  newspaper  publishers.  Armed 
with  the  strength  of  facsimile,  radio  need  ask 
leave  of  no  other  group, — any  more  than  sound- 
movies  asked  permission  of  the  silent  films  to 
replace  them  with  an  improved  service. 


Wanted — a  pocket  radio 

THI'I  commercial  advent  of  the  tiny  “shoe- 
button”  or  acorn  radio  tube,  calls  attention 
again  to  the  popular  ma’^ket  that  exists  for  a 
pocket  radio  set.  A  real  addition  to  radio  con¬ 
venience,  would  be  such  a  battery-operated 
receiver,  no  larger  than  a  pocket  camera,  with  a 
self-contained  ear-phone  which  could  be  used  to 
listen  to  news  reports,  special  speeches,  time 
signals,  etc.  Business  men,  travelers,  young  peo¬ 
ple,  would  all  find  frequent  use  for  a  radio  set 
always  at  hand. 

As  things  now  stand,  the  weight  of  the  bat¬ 
tery  seems  to  be  the  hurdle  that  stands  in  the 
way  of  a  pocket  broadcast  receiver.  But  surely 
the  dry-cell  makers  can  meet  this  need.  Instead 
of  building  batteries  bigger  and  heavier,  there 
is  a  need  for  a  light,  compact,  multi-cell  unit, 
which  will  deliver  the  necessary  voltage,  even  if 
it  can  supply  only  a  few  days’  operation.  Indeed, 
such  dry-cell  batteries  might  be  reduced  almost 
to  the  dimensions  of  cigarettes — to  be  pur¬ 
chased  as  needed,  as  frequently  and  conveniently 
as  one  huvs  his  Muratls  and  Luckies. 


SEES  PHOTO-CELL  AS  SOLAR 
POWER  SOURCE 


Dr.  Colin  G.  Fink,  of  Columbia  University,  inventor  of 
ductile  tungsten,  chromium  plating,  and  other  revolu¬ 
tionary  processes,  is  now  working  on  photo-voltaic  cells. 
He  thinks  low-price  cells,  capable  of  capturing  75  per 
cent  of  the  130  watts  per  sq.ft,  of  sunlight,  will 
eventually  be  developed 
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REVIEW  OF  ELECTRONIC  LITERATURE 

HERE  AND  ABROAD 


Silent  tunins 

[Th.  Sturm.]  The  sensitivity  of  a  re¬ 
ceiver  equipped  with  automatic  volume 
control  increases  as  the  tuning  is  varied 
away  from  the  carrier,  and  a  screech  is 
produced  by  local  and  atmospheric 
noises  when  the  set  is  brought  through 
the  sidebands.  To  remedy  this  defect  a 
device  is  needed  which  blocks  the  loud¬ 
speaker  or  the  output  tube  whenever 
the  carrier  amplitude  to  which  the  set 
is  being  tuned  falls  below  a  certain  ad¬ 
justable  value.  One  method  is  based 
upon  the  fact  that  when  the  signal 
strength  decreases  the  anode  current  in 
the  controlled  tube  increases  so  that  any 
point  in  the  plate  lead  is  made  more 
negative  than  before.  If  the  grid  bias 
for  one  of  the  audio  tubes  be  taken  from 
a  potentiometer  inserted  in  the  plate  cir¬ 
cuit  it  may  be  so  adjusted  that  the 
audio  tube  is  blocked  in  case  of  an  ex¬ 
cessive  variation.  To  prevent  the  oper¬ 
ating  point  of  the  a-f  stage  from  being 
})ermanently  displaced,  or  shifted  into 
the  positive  region,  it  is  necessary  to  in¬ 
sert  a  rectifier,  preferably  a  tube,  be¬ 
tween  the  potentiometer  and  the  grid  of 
the  audio  tube.  Current  now  flows  only 
in  one  direction,  and  the  grid  bias  re¬ 
mains  unchanged  until  the  contact  point 
upon  the  potentiometer  assumes  a  more 
negative  value  than  the  grid.  In  this 
latter  case  the  rectifier  gives  to  the  grid 
a  more  negative  charge  and  if  the  re¬ 
sistances  R  on  the  r-f  side  are  higher 
than  those  P  producing  the  audio  grid 
bias,  the  output  tube  is  blocked. 

Instead  of  a  diode  a  triode  may  be 
used  in  such  a  way  that  the  grid  bias 
resistors  of  the  r-f  tube  and  those  of  the 
a-f  tube  form  a  Wheatstone  circuit  with 
the  grid-cathode  space  as  the  grid.  The 
R’s  may  be  so  adjusted  that  normally 
no  current  flows  through  the  tul)e.  An 
a-f  tube  standing  a  very  high  bias  must 
lie  chosen,  and  a  second  a-f  amplifier 
be  added  if  necessary. 

.\nother  method  is  the  “grading  tube,” 
making  use  of  the  visual  output  indi¬ 


cator.  now  commonly  a  neon  tube,  which 
is  traversed  by  part  of  the  plate  current 
of  the  first  tube.  The  variation  which 
takes  place  in  the  current  when  the 
volume  control  enters  into  action  pro¬ 
duces  voltage  changes  between  any 
point  in  this  circuit  and  the  potentiom¬ 
eter  P.  The  contact  point  on  P  is  so 
chosen  that  the  cathode,  a  long  wire,  is 
fully  covered  with  the  negative  glow 
when  the  d-c  current  across  the  r-f  tube 
is  reduced  to  a  low  value  (high  signal 
strength).  When  the  signal  strength 
decreases  and  the  plate  current  in¬ 
creases,  the  plate  of  the  neon  tube  be¬ 
comes  more  negative  and  the  glow  re¬ 
cedes  part  way.  It  is  now  only  neces¬ 
sary  to  add  a  side  electrcxle  reaching 
close  to  the  cathotle  of  the  neon  tube.  So 
long  as  the  glow  extends  farther  than 
the  side  tube,  this  electrode  assunicN 
nearly  the  potential  of  the  cathode, 
which  is  so  chosen  that  it  is  suitable  a> 
grid  bias  for  the  a-f.  Whenever  the 
glow  recedes  beyond  this  point,  the  side 
electrode  loses  its  connection  with  the 
glow  and  the  a-f  tube  becomes  blocked 
by  its  own  high  bias.  This  tube  mu't 
have  an  amplification  factor  of  at  least 
10.  and  the  time  constants  must  be  given 
a  correct  value. — Funkt.  Monatsh.  No. 
7 :  259-263.  1934.  See  also  F.Icctronics, 
p.  40.  February,  1933. 


4- 

Desisning  tubes 
with  exponential 
characteristics 

[W.  Dkhi.ixgf.r.  Emporium.  I'a.]  In 
order  to  wind  the  variable-mu  grid  for 
a  tube  with  a  space  charge  atid  a  con¬ 
trol  grid,  it  is  necessary  to  know  the 
grid  wire  spacing  y  as  a  function  of  the 
distance  .x  (fraction  of  the  total  length  ) 
from  the  turn  (or  half-turn )  with  the 
widest  spacing.  The  relation  l)etween  y 


and  the  reciprocal  z  of  the  amplification 
factor  Ai  is  known  from  experience  with 
ordinary  tubes  (formula  of  Vogdes  and 
Klda).  The  value  of  the  fraction  x  is 
given  by  1  —  2.71“*’'  for  a  tube  which 
is  to  have  the  exponential  characteristic 
1  =  (j  1  )  2.71*"'.  where  1  is  the  total 
current  obtained  according  to  the  space 
charge  law.  The  combination  of  the 
two  curves  z  and  y,  and  x  and  z  gives  a 
curve  y  and  x.  or  1/y  as  a  function 
of  (1  —  xj  from  the  latter  one  the 
geometrical  relation  between  1/y  and  the 
order  numlx'r  .\  of  the  turns  is  readily 
established.  I'he  continuous  curve  rep¬ 
resenting  y  as  a  function  of  N  may 
finally  be  rej)laced  by  a  step  curve 
which  assigns  a  definite  pitch  to  every 
integral  order  number  \.  .\  shorten¬ 

ing  of  the  length  of  most  of  the  tube^ 
now  in  use  would  ikU  much  change  their 
characteristics. 

.\  fuller  treatment  is  given  by  j. 
Scheel  and  F.  Marguerre  in  Archtj  .  j. 
FI.  h'clin.  2S  No.  4;  210-2.U.  1934.— 
/’//y.N'tV.f  5  No.  7:  173-177.  1934. 


Time  constant  of  circuits 

I  R.  Mesny,  Ecole  Superieure  d’Elec- 
tricite,  Paris.]  When  a  sinusoidal  volt¬ 
age  is  induced  in  a  tuned  circuit  con¬ 
taining  C,  L  and  R.  the  time  at  which 
the  steady  value  /  is  reached  deiKUtds  on 
an  e.xponential  function  of  a  =  R/2L. 
When  the  e.m.f.  is  cut  off,  the  current 
dies  down  according  to  the  law  i  =  I/*"' , 
where  *  is  equal  to  2.71.  The  time 
constant  tc  —  2L/R  may  be  defined  as 
the  time  (or  number  of  cycles)  neces¬ 
sary  for  the  current  to  fall  from  the 
value  1  to  the  fraction  1/2.7.  Since  \/*' 
e(|uals  9.05  and  1  P  equ.ils  O.OIS,  the 
current  may  be  said  to  disapjH'ar  after  a 
time  t  which  is  equal  to  three  or  four 
times  2L/R.  But  when  a  series  of  simi¬ 
lar  circuits  are  used  with  vacuum  tube' 
between  each  stage,  the  current  follows 
an  entirely  different  law.  .\t  .the  time  t 
it  has  fallen  to  the  fraction  (1  4-  at  -f 
«’/’/-?  +  a’i’/d)/*"*  when  'here  are  four 
circuits  for  instance,  ftnd  to  a  similar 
expression  but  with  at*/4  added  to  tin 
series  in  the  brackets  for  five  circuit- 
etc.  The  time  constant  can  no  longe: 
be  given  a  simple  meaning.  .\s  tli« 
number  of  circuits  is  increased,  the  cur 
rent  tends  to  maintain  its  value  for  .i 
certain  period  after  the  source  has  been 
removed.  similar  difficulty  arises  in 
connection  with  the  selectivity  of  th- 
circuits. — Otide  cl.  13  No.  150;  237-24.T. 
1934. 


Silent-tuning  systems  (at  right)  using  neon  tube,  and  (left)  using  controlled 
rectifier  in  bridge  circuit 
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The  behavior  of  selenium 
barrier  film  cells 

[W.  Gr  UN  DM  ANN  and  L.  Kassner, 
Meteorological  Office,  Breslau.]  The 
recently  improved  photocells  based  on 
the  barrier  effect  given  by  selenium 
films  (these  Digests,  July,  1934)  yield 
reproducible  results  at  higher  intensi¬ 
ties  than  cells  made  more  than  a  year 
ago,  particularly  when  infra-red  light  is 
excluded  by  placing  a  vessel  containing 
water  in  the  path  of  the  beam.  Under 
tl’.ese  conditions  there  is  no  drop  in  the 
current  when  the  cell  is  exposed  for  15 
minutes  to  an  illumination  of  700  foot-c., 
but  with  1,000  foot-c,,  the  current  is 
found  to  decrease  2i%  in  the  first  five 
minutes.  At  4,000  foot-c.,  it  decreases 
15%  in  the  first  five  minutes,  23%  in 
the  first  ten  and  27%  in  the  first  fifteen 

I  minutes.  After  five  minutes  in  the  dark 
the  cell  has  recovered  its  initial  sensi¬ 
tivity.  When  not  protected  by  water  the 
cell  should  not  be  given  more  than  330 
foot-c.  When  exposed  for  a  day  to  the 
winter  sun,  the  cells  are  unable  fully  to 
recover  during  the  night.  The  smaller 
cells  (2.8  sq.cm.)  are  qiore  stable  than 
those  with  a  large  area  (9.7  sq.cm.)  ; 
infra-red  being  excluded,  they  stand 
without  aging  3,000  or  4,000  foot-c. 
It  is  to  be  hoped  that  the  manufacturers 
will  be  able  to  furnish  cells  which  can 
be  freely  exposed  to  the  sun  ( 10.000 
foot-c.).  The  cosine  law  is  obeyed  for 
angles  of  incidence  smaller  than  .50°. — 
Meteor.  Zeits.  51  Xo.  7;  2.58-262.  19.54. 

4* 

Elimination  of  fading 
by  reverse  field  detector 

I  H.  E.  Houlmann,  Heinrich  Hertz  In¬ 
stitute,  Berlin]  When  the  leads  to  grid 
and  plate  are  reversed  in  the  input  as 
well  as  in  the  output  circuits,  the  plate 
acts  as  a  brake  slowing  down  or  re¬ 
pelling  the  electrons  {Proc.  I.R.E.  22: 
630-656,  1934).  The  shape  of  the  lower 
bend  of  the  curve  giving  the  current  to 
the  retarding  plate  as  a  function  of  its 
voltage  depends  mainly  on  the  velocity 
with  which  the  electrons  leave  the 
cathode  and  is  therefore  preferably  used 
in  detection.  The  load  brought  into  the 
input  circuit  by  the  relatively  low  in- 
t('rnal  resistance  of  the  tube  may  be  re¬ 
duced  by  placing  an  r.f.  by-pass  between 
plate  and  grid  and  an  r.f.  chocke  between 
this  latter  point  and  the  output  trans¬ 
former. 

The  plate-grid  conductance  is  propor¬ 
tional  to  the  emission  current.  The 
correct  bias  is  obtained  automatically 
by  placing  a  condenser  C  for  audio  fre¬ 
quency  between  filament  and  tuned  in¬ 
put  circuit  (now  connected  to  the  plate) 
and  a  resistance  from  this  point  to  the 
positive  end  of  the  grid  battery  or  po- 

Itentiometer  tap.  If  the  voltage  building 
up  across  the  condenser  is  applied  to  the 


r.f.  stages  which  precede  the  detector,  a 
convenient  system  of  a.v.c.  is  obtained. 
Another  way  of  taking  advantage  of 
this  voltage  is  to  use  a  two-grid  tube  or 
a  hexode  as  detector  and  to  apply  it  to 
the  grid  nearest  to  the  cathode. — H.  F. 
Techn.  El.  Ak.  43:  131-135,  Af>rU.  1934. 

4- 

Correct  and  incorrect 
uses  of  tubes 

[K.  Steimel,  Telefunken  Co.,  Berlin.] 
Designers  of  circuits  often  lose  sight 
of  the  fac^  that  before  other  values  may 
be  affected  the  plate  current  of  vacuum 
tubes  undergoes  slow  changes  with  time. 
The  current  should  never  be  used  for 
compensating  or  controlling  voltages  in 
other  parts  of  the  circuit  or  by  other 
tubes.  Complaints  invariably  arise  in 
those  types  of  automatic  volume  control 
in  which  the  potential  drop  produced  by 
the  steady  d.c.  of  the  detector  tube  con¬ 
trols  the  bias  of  some  or  all  of  the  pre¬ 
ceding  stages.  On  the  other  hand  when 
diodes  are  used  for  automatic  volume 
control  the  difficulties  encountered  are 

■f 


sometimes  attributed  to  the  tube  when 
in  reality  they  are  the  fault  of  the  cir¬ 
cuit.  Two  such  points  are  the  much 
smaller  range  over  which  the  amplifica¬ 
tion  in  the  preceding  tube  can  be  varied 
and  the  distortion  produced  by  the  a.v.c. 
circuit.  The  grid  bias  of  the  amplifier 
before  the  diode  must  be  higher  than 
the  radio  frequency  amplitude  which  it 
receives;  on  the  other  hand  the  bias  it¬ 
self  is  determined  by  the  diode,  or  in¬ 
directly  by  the  a-c  plate  voltage  of  the 
amplifier  so  that  the  tube  must  always 
be  used  under  conditions  where  it  en¬ 
hances  signals  however  strong  they 
may  be.  With  a  modulated  wave  it 
should  amplify  fourfold  or  fivefold. 

When  the  resistance  /?,  and  the  ca¬ 
pacity  C,  which  control  the  grid  bias 
are  too  small,  there  will  be  a  partial  loss 
of  the  low  notes,  and  the  quality  of  the 
reproduction  will  suffer.  The  d-c  po¬ 
tential  across  the  condenser  tends 
toward  a  constant  value  F  equal  to  that 
across  /?,.  When  for  any  one  reason 
the  rectifying  action  is  decreased  or 
sets  out  for  a  time,  the  condenser  sends 
a  current  across  /?,  and  and  pro¬ 
duces  a  voltage  across  R,  equal  to 
(/?,  -f  /?,)  which  interferes  with  the 
functioning  of  the  diode.  Distortion  re- 


4- 

STUDIO  CHARACTERISTICS 

In  the  Broadcast  I.ssue  of  the  London  Times,  August  14,  1934,  consider¬ 
able  description  of  the  British  Broadcasting  Company  equipment,  land  lines, 
studios,  transmitters,  etc.,  appears.  The  table  gives  the  reverberation  char¬ 
acteristics  of  the  several  studios  in  London. 


Studio 

Principal  Use 

Reverbera¬ 
tion  time 

Approx,  dimensions 
(in  feet) 

Volume 

(cu.feet) 

Length 

Width 

Height 

BA . 

Vaudeville,  Light  Musi- 

cal  Programmes . 

1 .  Isec. 

44 

36 

19 

30,000 

BB . 

Octets,  Recitals,  Dance 

Bands,  Television. . . . 

0. 85sec. 

29 

18 

19 

10,000 

Concert  Hall. 

Orchestral  and  Band 

Performances . 

1 . 75sec. 

106 

42 

31 

125,000 

3A . 

Children’s  Hour  and 

Dance  Band . 

0. 6$ec. 

35 

15 

19 

10,000 

3B . 

Talks . 

0. 35sec. 

15 

11 

9 

1,500 

3C . 

Dead 

15 

11 

9 

1,500 

3D . 

0. 35sec. 

15 

11 

9 

1,500 

3E . 

Religious  Broadcasts.  . . 

0. 8sec. 

21 

18 

19 

7,000 

4A  &  4B . 

Dead 

12 

7 

8 

670 

6A . 

Large  Production 

Studio . 

0. 85sec. 

36 

16 

18 

10,000 

6B  &  7B.... 

Speech  in  Plays  and 

Piano  Music . 

0. 6sec. 

19 

19 

9 

3,200 

6C  &  7C . 

Dead 

19 

19 

9 

3  200 

6D . 

Dead 

23 

19 

19 

8,300 

7D . 

Dead 

13 

12 

9 

1,400 

6E  &  7E . 

Gramophone  Effects. . . . 

Untreated 

12 

8 

9 

860 

7A . 

Dead 

13 

13  d 

9 

1,500 

8A . 

Orchestral  and  Band 

Music . 

1 .  Isec. 

51 

33 

16 

27,000 

8B . 

Debates  and  Discus- 

sions . 

0.45sec. 

16 

13 

10 

2,100 
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witli  tlu-  incoming  signal.  I'hc  oscil¬ 
lator  plate  is  given  150  volts,  the  mam 
plate  500  volts,  the  screen  70  volts. 

The  octode  is  also  a  combination  oi 
fading  and  mixing  hexode  having  at  the 
same  time  the  properties  of  an  r-f 
pentode.  It  corresponds  to  the  penta- 
grid  converter.  The  first  grid  of  the 


The  hexode  makes  use  of  the  second 
grid  (80  volts)  and  the  third  grid 
,  ( — 1.5  volt)  to  produce  an  artificial  or 
virtual  cathode  between  the  second  and 
third  grid.  When  the  potential  l\  of 
the  third  grid  is  kept  constant,  the  cur¬ 
rent  to  the  second  and  fourth  grid  and 
to  the  plate  all  depend  on  K,  as  in  an 
ordinary  tube.  When  F,  is  made  more 
negative,  and  Ip  decrease  together, 
and  the  mutual  conductance  of  the  tube 
referred  to  grid  1,  a  variable-inu  grid, 
decreases,  it  varies  between  2  nia.  and 
0.2  Ma.  per  volt.  The  capacity  between 
the  first  grid  to  which  the  signal  is  ap¬ 
plied  and  the  second  grid  is  below  0.001 
^Mf. 

The  mixing  hexode  allows  modulation 
of  the  local  oscillation  by  the  incoming 
wave  in  place  of  their  mixing  by  addi¬ 
tion.  The  third  grid  is  more  positive 
than  the  second,  and  the  electrons  are 
stopped  only  between  the  third  and 
fourth  grid.  /,  and  Ip  change  in  op- 
pc.  directions  when  changes,  hut 
all  the  values  I  to  the  different  elec¬ 
trodes  depend  on  F,  upon  which  the  sig¬ 
nal  is  superimposed. 


suits.  To  reduce  this  backward  dis¬ 
charge  C  and  must  be  given  small 
values.  When  the  degree  of  modulation 
exceeds  50  per  cent,  and  /?,  is  equal  to 
R^,  the  signal  is  distorted;  when  /?, 
equals  /?/4,  the  modulation  may  reach 
80  per  cent  without  any  bad  effects. 

It  is  sometimes  difficult  to  distinguish 
whether  microphonic  noises  are  due  to 
tubes  or  to  variable  condensers.  The 
sounds  produced  by  tubes  are  strongest 


Connections  for  what  the  Germans 
call  a  “fading”  hexode 

tube  is  connected  to  the  oscillating  cir 
cuit,  while  the  second  grid  function' 
as  a  plate.  The  third  grid  is  a  screen 
separating  the  oscillator  from  the  fourth 
grid  to  which  the  signal  and  the  auto 
matic  volume  control  are  applied.  .\n 
other  screen  grid  follows.  The  sixth 
and  last  grid  traps  secondary  electrons : 
it  is  connected  to  the  cathode  and  give' 
the  tube  a  high  internal  resistance.  In 
contrast  to  the  fading-mixing  hexiKh 
the  plate  of  the  oscillator  forms  a  pan 
of  the  grid  system. 

Output 

Failing  Miimg  (Ktuilc  Pcnttxic 
HcioJc  A.C.  D.C. 

AC.  DC.  OnU  OoIt 
Filament  voltage  4  24  4  >0 

Filament  current  1  0  18  0  6^  0  18 

Plate  voltage .  VX>  200  2(X>  200 

Screen  Toltare.  .  .  70  %0 

Second, chirJand  tilth 

grid  voltage .  X' 

Plate  current  lO^ato  lO^ato  0  8ma 

2  S  ma  ^  ma 

Mutual  lond . . .  ^*5tna  \ 


A.V.C.  diode  circuit  using  drop 
across  R.  Bias  across  Ri  should  not 
depend  solely  upon  plate  and  screen 
currents 


at  exact  tuning  (amplitude  modulation), 
those  caused  by  the  variable  condenset 
are  strongest  in  the  sidebands.  Tubes 
are  so  constructed  that  they  give  no 
sound  when  used  under  normal  condi¬ 
tions.  When  r-f  pentodes  are  controlled 
by  a  diode  so  that  the  grid  bias  is  vari¬ 
able,  tube  noises  can  only  be  avoided  by 
taking  the  screen  voltage  from  a  po¬ 
tentiometer.  With  fixed  resistors  the 
screen  might  assume  high  potentials, 
shift  the  characteristic  curves  of  the 
tube  toward  the  negative  direction.  The 
tendency  to  make  up  for  the  loss  of  sig¬ 
nal  strength  by  forcing  the  stages  fol¬ 
lowing  the  pentode  often  results  in  micro- 
phonic  sounds. — Tclef unken  Rohre,  No. 
l.pp.  28-42.  1934. 


Mixing  hexode  circuit  diagram 


The  so-called  “fading-mixing"  hexoilc 
may  be  considered  as  a  hexode  to  which 
a  separate  three  electrode  oscillator  ha' 
been  added  which  has  the  cathode  in 
common  with  the  hexode  and  uses  as  a 
grid  the  third  grid  of  the  hexode.  Thus 
this  third  grid  is  not  controlled  by  the 
a.v.c.,  but  modulates  the  local  frequency 


( )ne  half  of  the  duo-dio<le  tube  can 
he  used  for  feeding  the  audio  .system, 
the  other  half  the  automatic  volume  con 
trol  (delayed  a.v.c.). 

The  pentode  for  d-c  operation  give' 
an  output  of  5  to  8  watts. — ^•uukl 
Monatsh.  Xo.  S:  .111 -.11 2.  1'».14. 


Supplementary  radio  tubes 
in  Germany 

TO  ALLOW  set  designers  to  Ijecome  ac¬ 
quainted  with  hexodes,  r-f  pentodes  and 
binodes,  no  new  types  of  tubes  have  been 
brought  out  for  a  year.  The  choice  of 
tubes  has  now’  been  widened  by  adding 
a  mix;ing  hexode  for  a-c  and  d-c  opera¬ 
tion,  a  duo-diode  for  a.c.  and  d.c.,  an 
octode  for  a.c.  and  an  output  pentode  foi 
d-c  operation.  Typical  receivers  of  this 
year  are  built  with  one  mixing  hexo<lc 
feeding  the  filtered  intermediate  fre- 
(|uency  to  the  second  tube,  a  hexode 
(exponential  hexode)  ;  the  amplification 
of  both  stages  is  controlled  by  the  au¬ 
tomatic  volume  circuit.  The  output  of 
the  hexode  is  led  through  a  band-pass 
filter  to  the  diode*  electrodes  in  the 
binode  (diode-tetrode)  or  duo-diode 
tube.  The  a-f  output  is  brought  through 
a  potentiometer  to  the  tetrode  system  of 
the  binode.  An  a-f  pentode  is  in  the 
output  stage. 


Portable  frequency  standard  for  F.C.C.  being  tested  by  J.  O. 
Booth  of  Westinghouse,  accurate  within  3  parts  in  one  million 
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+  NEW  PRODUCTS 

THE  MANUFACTURERS  OFFER 


Ollophane-wrapped  wire 

\  NOVEL  iiiMiIation  for  vlectrical  wire 
lias  lx*en  applied  by  engineers  of  the 
Diil’ont  Cellophane  Company  and  the 
I’.elden  Manufacturiii};  Company,  Chi- 
ea^o,  Ill.,  the  development  of  a  method 
ui  apply injj  cellophane  to  magnet  wire. 

.'Special  machinery  has  been  developed 
.Old  installed  at  the  Belden  plant  for  ap¬ 
plying  the  cellophane  to  the  magnet 
wire.  Adhe>ive  is  first  applied,  then  the 
cellophane  strip  is  wrapped  in  place;  the 
wire  is  then  lacipiered  and  baked. 

(."elenamel,  as  the  new  magnet  wire  is 
called,  is  a  great  space  saver,  has  greatly 
increased  dielectric  strength,  and  can  be 
furnished  at  approximately  the  same 
cost  as  cotton  covered  enameled  wire. 
IV't"  show  that  Belden  Celenamel  has 


appro.ximately  the  same  space  factor  as 
silk  enameled  wire.  In  coils  Celenamel 
has  approximately  the  volume  of 

double  cotton  covered  wire  and  88%  of 
single  cotton  covered  enameled  wire, 
t'clenamel  has  already  supplanted  silk 
covered  magnet  wire  in  a  number  of 
a|)plications. — RU'ctrotiics. 

4- 

Flexible  shafts 
for  radio 

Flexible  sh.xe'ts  now  find  a  wide  va¬ 
riety  of  uses  in  radio,  even  the  control 
panels  of  broadcast  transmitters  being 
'O  e(|uipj)ed  for  convenience  of  manipu¬ 
lation.  In  the  moilern  type  of  shaft  de¬ 
veloped  by  the  .S.  S.  White  Dental 
-Manufacturing  Company,  industrial 
dixi'ion,  1.^2  West  42nd  street,  New 
^  ork  C'ity,  the  construction  comprises 
not  coils  of  wire  or  springs,  but  real 
sliajts,  built  up  solid  of  layers  of  special 
high  grade  wire  held  to  rigid  specifica¬ 
tion-  as  to  uniformity.  Shaft  charac- 
teri^tics  such  as  flexibility,  torsional 
strength,  etc.,  are  secured  through  de- 
sign  of  the  shaft  and  a  special  winding 
process.  This  process  and  the  machines 
for  applying  it,  are  the  result  of  years 
of  development. 

I  he  greater  number  of  layers  and  the 


increased  number  of  smaller  diameter 
wires  per  layer,  have  resulted  in  secur¬ 
ing  the  characteristics  essential  to  suc¬ 
cessful  radio  application,  namely,  mini¬ 
mum  torsional  deflection  under  load,  and 
eijual  ilertection  for  either  direction  of 
rotation.  These  features  are  combined 
with  ample  flexibility  for  operation  in 
curves  of  small  radius,  a  feature  which 
greatly  facilitates  installation. — Elec¬ 
tronics. 

4 

Air-cell  battery 
electrodes 

“Ventil.\teu”  electrodes,  which  ex¬ 
pose  greater  areas  to  the  air  and  so 
withstand  the  heavier  current  drain  im¬ 
plied  by  some  of  the  new  all-wave  re¬ 
ceivers,  are  announced  by  National  Car¬ 
bon  Company,  Inc.,  as  its  latest  improve¬ 
ment  in  its  “air-cell”  .\  battery. 

The  new  heavy-drain  Air  Cell  bat¬ 
tery  is  known  as  No.  S-\-600  special, 
and  it  permits  a  current  drain  of  750 
milliamperes  as  against  the  650-milli- 
ampere  capacity  of  the  standard  .\ir  Cell 
Battery,  with  a  guarantee  of  800 
hours’  life.  The  new  battery  is  priced 
the  same  as  the  standard. — Electronics. 

4 

Hook-up  wire 

The  Lenz  Electric  Manuf.xcturing 
C'oMi’.WY,  1751  N.  Western  Avenue, 
Chicago,  has  developed  a  new  hook-up 
wire  with  a  new  type  of  insulation  of 
exceptionally  high  dielectric  charac¬ 
teristics.  particularly  insulation  resist¬ 
ance.  The  fact  that  this  wire  is  non- 
moisture-absorlxmt  makes  it  especially 
adaptable  for  automobile  use  and  in 
high-fidelity  receivers. 

Lenzite  is  the  name  of  the  new  hook¬ 
up  wire.  The  insulation  consists  of 
cellulose  acetate-treated  te-xtile  plus  cot¬ 
ton  braids  thoroughly  saturated  in 
moisture  resisting  compounds.  This  wire 
can  also  be  furnished  saturated  in  slow 
burning  high  dielectric  lactjuer. 

Lenzite  is  most  suitable  for  use  in  all 
wave  radios  because  it  is  non-moisture 
absorbent,  thus  preventing  shifting  of 
alignment  and  distortion. 

Production  managers  .will  like  this  in¬ 
sulation  because  it  pushes  back  freely 
and  stays  in  position.  There  is  no 
buckling  or  fraying  of  the  braid  that  will 
interfere  with  prorluction  operation. — 
Electronics. 


Transmitting  condensers 

The  Audio  Products  Co.  (formerly 
the  Wireless  Shop),  4189  W.  Second 
St.,  Los  Angeles,  Calif.,  has  expanded 
its  line  of  high-power  transmitting  con¬ 
densers  to  include  a  complete  range  of 
capacities  and  voltage  ratings  up  to  500 
mmfd.  and  20,000  volts.  Both  single 
section  and  split-stator  models  are  avail¬ 
able  in  each  size. 

Two  frame  sizes  are  employed.  The 
smaller  type  requires  a  4  in.  x  5i  in. 
panel  space  and  uses  coorsite  insulation. 
T  he  large  model  occupies  a  panel  space 
6  in.  -x  9  in.  and  for  the  extremely  high 
voltages,  is  insulated  with  both  coorsite 
and  victron,  a  new  high  frequency  insu¬ 
lator  second  only  to  fused  quartz  in 


effectiveness.  Extreme  rigidity  is  ob¬ 
tained  with  large  steel  tie  rods  and  thick 
dural  end  pieces,  besides  half  inch  re¬ 
movable  steel  shafts  and  heavy,  rounded 
edge  dural  plates.  Three  large  phosphor- 
bronze  springs,  wiping  on  a  cadmium 
plated  disc,  afford  positive  rotor  contact. 

Prices  range  from  $8  to  $75  for  regu¬ 
lar  models,  with  special  values  of  ca¬ 
pacity  and  voltage  available  on  order. — 
Electronics. 

4 

Electron  tube 
fader 

.Making  use  of  the  characteristics  of 
amplifier  tubes  instead  of  assemblies  of 
resistors,  an  electronic  fader  for  sound 
or  broadcast  purposes  has  been  designed 
by  the  United  Sound  Engineering  Com¬ 
pany  of  St.  Paul,  Minn. 

In  this  device,  type  79  (or  53)  tubes 
are  used  as  the  variable  impedance 
whose  value  remains  constant  for  any 
variation  of  the  input.  Thus  as  the 
gain  is  varied  the  impedance  character¬ 
istics  do  not  vary. 

While  its  characteristics  are  superior 
to  more  conventional  faders,  it  weighs 
less  than  7  ounces. — Electronics. 


ELECTRONICS  —  October,  1934 


329 


Cathode  ray  oscilloscope 

The  Allen  B,  Du  Mont  Labora¬ 
tories  of  542  Valley  Road,  Upper 
Montclair,  N.  J.,  announces  a  new 
portable  cathode-ray  oscillograph  (Type 
142),  with  a  5-inch  cathode-ray  tube, 
power  supply  and  linear  sweep  circuit, 
completely  self  contained. 

A  type  54-8  Du  Mont  cathode-ray 
tube  utilizing  an  indirectly  heated 
cathode  and  equipped  with  two  sets  of 
electrostatic  deflection  plates  and  high 
intensity  screen  is  mounted  in  the  unit. 
A  graduated  scale  at  the  face  of  the  tube 
enables  accurate  quantitative  measure¬ 
ments  to  be  made.  A  power  supply  fur¬ 
nishing  the  accelerating  electrode  volt¬ 
age  as  well  as  the  necessary  filament 
and  focusing  voltages  is  incorporated  in 
the  unit,  together  with  a  linear  sweep 
circuit  having  a  range  from  10  to  5,000 
cycles  per  second.  The  sweep  circuit  is 
of  the  stabilized  type  which  can  be  made 
to  lock  in  step  with  a  recurrent  wave¬ 
form  if  desired. 

Terminals  to  the  unit  are  mounted  at 
the  rear  and  the  linear  sweep  may  be 
connected  or  disconnected  according  to 
the  use  of  the  instrument.  Separate 
leads  from  each  deflection  plate  are 
brought  out  and  are  available  for  ex¬ 
ternal  connections,  permitting  operation 
of  either  set  of  plates  balanced  or  un¬ 
balanced  to  ground. — Electronics. 

4- 

Condensers 

Covering  its  wide  line  of  condensers, 
A.  M.  Flechtheim  &  Co.,  Inc.,  136 
Liberty  Street,  New  York  City,  have 
just  released  their  latest  catalogue.  No. 
27,  for  1934-35,  which  presents  one  of 
the  most  complete  parts  replacement 
lines  in  the  industry  giving  detailed  de¬ 
scriptions  of  all  Flechtheim  products  in¬ 
clusive  of  Flechtheim  carbon  resistors, 
automobile  suppressors,  dry  electrolytic 
condensers,  paper  condensers  and  paper 
transmitting  condensers. — Electronics. 

4- 

Record  duplicating  service 

The  B.  a.  Proctor  Co.,  Inc.,  17  West 
60th  Street,  New  York  City,  offers  a 
new  low  cost  acetate-record  pressing 
service.  Nothing  is  lost  in  the  process — 
each  pressed  acetate  record  has  on  it 
exactly  that  which  was  recorded  on  the 
aluminum  master.  Records  received  are 
processed  and  shipped  the  same  day. 
The  reproduction  from  the  processed 
records  is  better  than  reproduction  from 
aluminum  because  of  the  fact  that  the 
pressed  records  are  capable  of  being 
played  with  a  steel  needle,  instead  of  the 
usual  thorn  or  wooden  needle  which  is 
responsible  for  the  apparent  losses  on 
both  ends  of  the  spectrum.  Thus  a 
quality  of  reproduction  from  duplicates 
is  possible  that  practically  approximates 
the  recording.  Twelve-inch  records 


can  be  processed  at  $2.50  each  in  quanti¬ 
ties  from  one  to  three.  Sixteen-inch 
records  cost  $3  each  for  from  1  to  3. 
Larger  quantities  are  available  at  corre¬ 
spondingly  lower  prices.  There  is  a 
small  base  processing  charge  which  is 
negligible  especially  in  quantities  of  ten 
or  more. 

It  is  felt  that  this  process  opens  new 
fields  for  recording  and  duplicating  in 
the  radio,  commercial  and  educational 
fields. — Electronics. 

4- 

Micro-vernier  dial 

Wireless  Egert  Engineering,  Inc., 
179  Varick  Street,  New  York  City,  has 
developed  its  Model  D-l  dial  primarily 
for  use  on  laboratory  instruments,  short¬ 
wave  receivers,  transmitters,  etc.,  and 
for  instrument  manufacturers,  amateurs, 
experimenters  and  set  builders. 

The  model  D-l  dial  can  be  read  ac¬ 
curately  to  0.1  of  one  division  at  any 
point  on  the  scale.  Its  double  edged 
vernier  pointer  provides  a  means  of 
obtaining  accurate  readings  anywhere  on 
the  dial.  The  mechanism  of  the  dial 
provides  a  spread  of  270  degrees  on  the 
pointer  for  a  180-degree  condenser. 

The  dial  ratio  is  16  to  1  over  .160 
degrees.  The  unit  is  free  from  back¬ 
lash.  Provision  is  made  for  mounting 
condensers  directly  on  the  dial  itself, 
rather  than  on  the  panel.  Both  the  scale 
and  pointer  are  of  metal  to  prevent  any 
inaccuracy  in  readings  due  to  shrinkage 
of  the  scale. 

Diameter  of  scale  is  3  inches ;  hub 
diameter  one-quarter  inch  ;  overall  depth, 
I  inch.  Weight  5  ounces.  Price  $5. — 
Electronics. 

4- 

Resistors 

The  Atlas  Resistor  Company  of  423 
Broome  Street,  New  York  City,  an¬ 
nounces  a  new  eight-page  catalog  cover¬ 
ing  its  complete  line  of  wire-wound 
tubular  resistors. 

Among  the  new  features  is  a  line  of 
pigtail  resistors,  which  come  complete 
with  lug  as  well,  in  both  5  and  10-watt 
ratings.  Of  small  dimensions,  they  can 
readily  take  the  place  of  carbon  jobs 
between  5  and  25,000  ohms. 

Another  item,  the  latest  Atlas  de¬ 
velopment,  is  the  “combination  re¬ 
sistor.”  Manufactured  in  stick  form  in 
3  and  10- watt  ratings,  these  units  are 
composed  of  sections  of  like  ohmages. 
The  3-watt  form  consists  of  five  indi¬ 
vidual  resistors  of  identical  ohmages 
and  the  10- watt  stick  has  three  indi¬ 
vidual  units.  The  principal  use  of  these 
resistors  is  for  making  up  odd-sized 
ohmages  other  than  standard,  as  they 
can  readily  be  broken  off  individually, 
owing  to  the  tubing  being  scored  be¬ 
tween  sections.  Or,  the  entire  stick  or 
portions  thereof  can  be  employed  as  one 
resistor,  for  each  section  is  connected  in 
series. — Electronics. 


All-wave  line- 
noise  filter 

Keeping  line  noises  out  of  present-day 
all-wave  reception  is  the  function  of  the 
new  Taco  H-E  all-wave  line  filter,  just 
announced  by  Technical  .Appliance  Cor¬ 
poration,  27-26  Jackson  Ave.,  Long 
Island  City,  N.  Y. 

Housed  in  attractive  brown  metal 
case  with  receptacle,  the  device  com 
prises  separate  filter  circuits  for  broad¬ 
cast  and  short-wave  bands.  The  cir¬ 
cuits  have  been  worked  out  over  a  con¬ 
siderable  period  by  Amy,  .Aceves  & 
King,  Inc.,  well-known  engineers  spe¬ 
cializing  in  antenna  problems  and  radio 


noise  elimination.  The  present  device- 
is  made  under  license  from  them. 

Filtering  is  said  to  be  thorough  in 
both  broadcast  and  short-wave  bands. 
Only  pure,  noiseless  A.C.  or  D.C.  (de¬ 
vice  can  be  used  on  either  supply) 
reaches  set.  Device  handles  up  to  250 
watts.  Installation  consists  of  plugging 
in  receptacle  of  filter,  inserting  filter 
plug  in  nearest  electric  outlet,  and  con 
necting  binding  post  to  convenient 
ground,  grounded  chassis  or  ground 
binding  post  of  set.  If  preferred,  filter 
may  be  inserted  between  any  electric  ap¬ 
pliance  causing  line  noises,  and  its 
power  supply,  thus  combating  interfer 
ence  at  source.  The  filter  lists  at  $6. — 
Electronics. 

4- 

Battery-charging  rectifier 

National  Union  Radio  Corporation. 
400  Madison  Avenue,  New  York  Cit\. 
announces  the  development  of  a  new 
6-amp.  rectifying  tube  for  use  in  mul 
tiple  battery  chargers.  Such  rectifying; 
tubes  used  extensively  in  the  automotive 
and  radio  fields  for  multiple  battery¬ 
charging,  are  commonly  referred  to  .is 
“Tungar  type.”  Outstanding  features 
of  the  new  rectifier  include  ability  to 
withstand  increased  voltages  and  a  con¬ 
struction  which  makes  them  not  critical 
on  voltage  fluctuations.  These  factors 
result  in  more  output  for  less  consump¬ 
tion  of  power. — Electronics. 
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Direct-reading 
test  oscillator 

The  new  Burton-W'^ebbcr  all-wave  test 
oscillator,  Motlel  10,  has  a  full  visioned 
direct-reading  dial  which  permits 
speedy,  accurate  settings  without  ref¬ 
erence  to  graphs  or  tables.  Eight  arcs 
provide  a  scale  length  of  appro.xiniately 
47  inches  covering  from  ‘M)  kilocycles  to 
25  megacycles  all  on  fundamental  fre- 
(luencies.  Attenuation  is  of  the  ladder 
type  with  adjustable  control  on  high, 
medium  and  low  steps,  permitting  any 


signal  voltage  to  be  obtained  from  maxi¬ 
mum  to  i)ractically  zer(».  and  affording 
excellent  attenuation  on  signals  as  high 
as  25  megacycles. 

.\  4(K)-cyclc  note,  approximately  45 
per  cent  mo<lulated,  is  supplied  by  a 
.separate  modulator  tube.  The  oscillator 
can  be  demo<lulated  for  adjusting  radio 
receivers  by  the  unmodulated  method, 
and  audio-frecpiency  signal  is  available 
at  panel  jacks. 

The  new  oscillator  is  manufactured 
and  licensed  under  the  approved  circuits 
of  the  American  Telephone  &  Tele¬ 
graph  Co.,  and  each  unit  is  carefully 
standardized  with  precision  crystal- 
controlled  frei|uency  standards  at  six 
points  on  each  band  or  arc,  or  at  a  total 
of  48  points.  The  Karl  Webl)er  Com¬ 
pany,  Daily  News  Bldg.,  Chicago,  Illi¬ 
nois,  or  C.  \V.  Burton,  755  Boylston  St., 
Boston.  Mass. — Illectromcs. 


♦ 

Phototubes 
for  ultraviolet 

NEW  LINE  of  photo-electric  tubes, 
sensitive  only  to  definite  bands  of  in¬ 
visible  ultraviolet  radiations,  has  been 
announced  by  the  Westinghouse  Lamp 
Company,  Bloomfield,  N.  J.,  to  meet  a 
demand  growing  out  of  an  increasing 
use  of  ultraviolet  radiating  devices  for 
therapeutic  and  germicidal  purposes. 
1  hey  are  available  in  various  types  with 
threshold  values  of  sensitivity  set  at  dif- 
terent  points  in  the  ultraviolet  spectrum 
so  that  radiations  can  be  studied  quali¬ 
tatively  as  well  as  quantitatively. 

Some  of  the  laboratory  uses  of  these 
phototubes  are :  to  test  the  transmission 


and  absorption  of  various  types  of  glass 
and  solutions  in  different  parts  of  the 
spectrum;  to  test  ultraviolet  output  of 
different  light  sources  in  different 
regions  of  the  ultraviolet  spectrum.  In 
industry  the  tubes  are  used  in  equip¬ 
ment  for  the  control  of  irradiation  by 
ultraviolet  or  certain  products  for  the 
production  of  V'itamin  “D.” 

riie  new  line  of  electronic  tubes  also 
includes  several  of  the  Caesium  oxide 
type,  which  are  sensitive  in  the  visible 
range  as  well  as  in  the  infra-red. — 
Electronics. 
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Loudspeaker 

The  koL.\  (*o.Mi’.\NY,  2540  Sujierior 
.\venue,  Cleveland,  Ohio,  is  introducing 
its  model  K12,  an  entirely  new  12-inch 
loudspeaker,  which  embodies  high 
fidelity  and  practical  engineering  de¬ 
velopment  gleaned  from  ten  years  of 
speaker  manufacturing  experience. 

.Specifications — Overall  diameter  12J 
in..  Overall  Depth  6^  in.,  Recommended 
Baffle  Hole  loi  in..  Weight  Backed  8^ 
lbs.,  \\)ice-coil  impedance  2.8  ohms  at 
4(Mi  cycles.  Transformer  size,  optional, 
Kiehl-coil  resistance,  optional.  Net 
weight  6^  lbs. — Electronics. 
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Auto-radio  vibrator 
condenser 

To  T.\KE  CARE  of  condenser  replacements 
in  auto-radio  vibrators,  a  line  of  tiny 
units  specifically  designed  for  the  pur¬ 
pose  is  announced  by  the  .Xerovox  Cor¬ 
poration,  70  Washington  street,  Brook¬ 
lyn,  X.  Y.  These  replacement  units 


comprise  oil-impregnated,  oil-filled,  pure 
linen  paper  sections  in  hermetically 
sealed  metal  containers,  with  mounting 
lug  and  pigtail  lead.  The  units  are  de¬ 
signed  to  withstand  heat,  vibration, 
moisture  and  climatic  conditions,  as  well 
as  exceptional  peak  loads,  without 
breakdown.  They  are  available  in  sev¬ 
eral  standard  capacities. — Electronics. 


High  fidelity 
audio  transformers 

The  United  Transformer  Corfor a 
TiON,  264  Canal  .Street,  New  York  City, 
have  developed  a  new  group  of  high- 
fidelity  audio  transformers  for  applica¬ 
tions  requiring  extremely  wide  frequency 
range,  such  as  impedance  matching  in 
television,  facsimile,  and  supersonic  ap¬ 
paratus. 

(Jwing  to  the  wide  range  of  fre 
quencies  transmitted,  a  new  core  ma¬ 
terial  and  special  coil  structures  are 
made  necessary.  Shielding  also  becomes 
a  critical  factor.  These  units  are 
shielded  in  a  cast  alloy  case  having  five 
times  the  permeability  of  normal  cast 
iron.  The  unit  illustrated  has  a  fre- 
(luency  range  of  40  to  200,000  cycles, 
with  a  total  power  loss  not  exceeding 
2  db.  Standard  transformers  for  high- 


fidelity  equipment  are  also  available, 
having  a  frequency  characteristic  of  30 
to  15,000  cycles.  These  audio  units  are 
now  available  in  sizes  from  — 120  db. 
up  to  20,000  watts  rating. — Electronics. 


Condensers 

The  \’utron  Co.ndenser  is  insu¬ 

lated  with  \’ictron  material  whose  power 
factor  at  r.f.  is  only  0.0002.  This  con¬ 
denser  also  has  most  practical  shaped 
plates  for  station  separation.  These  are 
carried  on  a  self-centering,  self-tighten¬ 
ing  cone  bearing  which  cannot  become 
IcMjse  or  wear  to  produce  a  noisy  rotat¬ 
ing  contact  no  matter  how  much  used. 
.Minimized  metal  construction  without 
metal  end  plate  insures  very  low  mini¬ 
mum  capacity. 

The  rugged  two-point  suspension 
mounting,  reinforced  by  soldered  brass 
plates,  located  with  precision  uniformity 
of  spacing. 

Contact  is  through  silver  pressure- 
c*>ntact  to  rotor,  instead  of  resistive 
grease  film  or  oxidation  skin,  as  in  bear¬ 
ing  contacts. 

Both  rotor  and  stator  are  insulated 
from  mounting  bosses,  yet  rotor  may  be 
easily  grounded  to  chassis  if  desired. 

Two  solder  lugs  are  provided  on  both 
rotor  and  stator  for  convenient  wiring. 
Made  by  Alden  Products  Company, 
Brockton,  Mass.  List  price  $1.50  each, 
in  140  mmf.  size. — Electronics. 
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U.  S.  PATENTS 

IN  THE  FIELD  OF  ELECTRONICS 


Radio  circuits 

Super  regenerator.  A  two-tube  sys¬ 
tem  in  which  an  oscillating  circuit  is 
coupled  inductively  to  the  regenerative 
receiving  circuit,  a  means  offering  a  high 
impedance  to  the  frequencies  of  the  cur¬ 
rents  to  be  amplified  and  low  impedance 
to  the  varying  potentials  for  substan¬ 
tially  eliminating  loss  of  radio  frequency 
due  to  leakage  from  one  circuit  to  the 
other.  L.  A.  Hyland,  Eclipse  Aviation 
Corp.  No.  1,971,347. 

A-V-C  ssrstem.  In  a  receiver  using 
multi-purpose  tubes  the  method  of  re¬ 
producing  radio  frequency  signals  into 
perceptible  condition  at  uniform  volume 
by  amplifying  the  signals  above  audi¬ 
bility,  translating  the  amplified  signals 
into  audio  signals  with  a  substantial 
translation  gain  through  one  of  the  elec¬ 
tron  paths  in  the  multi-purpose  tube, 
rectifying  a  component  through  another 
path,  and  utilizing  the  rectified  signal 
component  in  regulating  the  amplifica¬ 
tion  of  the  signals.  V.  M.  Graham, 
Stromberg-Carlson  Mfg.  Co.  No. 
1,971,605. 

Diode  detection.  A  tube  with  the  in¬ 
herent  characteristic  of  rectifying  an  im¬ 
pressed  emf  when  the  peak  voltage  ex¬ 
ceeds  that  critical  value  which  is  the  di¬ 
rect  current  voltage  between  the  diode 
elements.  Rectification  is  prevented 
until  the  peak  radio  volage  rises  to  a 


value  differing  from  and  greater  than 
the  critical  value  by  a  voltage  increment 
of  substantial  magnitude.  P.  O.  Farn- 
ham,  assigned  to  R.F.L.,  Inc.  No. 
1,971,646.  f 

Single  tuning  system.  Combination 
of  several  circuits  coupled  together  in 
cascade,  each  capable  of  being  by  itself 
tuned  to  a  desired  frequency,  switching 
means  for  permitting  connection  of  an 
antenna  to  any  one  of  the  said  circuits, 
and  a  single  means  for  simultaneously 
varying  the  tuning  of  each  of  the  cir¬ 
cuits  by  the  same  amount.  E.  F.  W. 
.■Mexanderson,  R.C.A.  No.  1,971,762. 

Phonograph  radio.  Circuit  in  which 
the  detector  tube  acts  as  an  amplifier 
whenever  the  phonograph  pick-up  de¬ 
vice  is  connected  properly.  G.  .\nders. 
A.E.G.,  Berlin.  No.  1,971,894. 

Microray  ssrstem.  Transmission  line 
and  tube.  No.  1,971,901  and  No.  1,971,- 
902.  A.  G.  Clavier,  International  Com¬ 
munications  Labs.,  Inc. 

Volume  control.  Means  for  simul¬ 
taneously  varying  the  voltage  impressed 


upon  the  plate  and  screen  of  screen  grid 
amplifier  tube.  W.  T.  Lewis,  Racine, 
Wis.  No.  1,972,387. 

Duplex  aerial  system.  .\n  antenna 
system  for  receiving  short  wave  and 
long  wave  signals,  comprising  coupling 


coils,  transmission  line,  downlead  etc. 
E.  V.  Amy  and  J.  G.  Aceves,  .\my, 
Aceves  &  King,  Inc.  No.  1,965,536. 

Short  wave  amplifier.  A  superhetero¬ 
dyne  receiver  for  use  on  very  short 
wavelengths  with  a  frequency  changer 
comprising  two  tubes  with  grids  elec¬ 
trostatically  coupled  in  parallel  to  a 
source  of  local  oscillations  and  coupled 
in  push-pull  to  an  input  signal  circuit. 
G.  A.  Mathieu,  RCA.  No.  1,968,610. 

Directional  receiver.  Adapted  for 
mechanical  high  frequency  elastic  waves, 
including  a  rotatable  reflector,  stationary 
sensitive  flame,  etc.  Frank  Rieber,  San 
Francisco.  No.  1,969,037. 

Antenna.  .\n  end-on  antenna  com¬ 
prising  a  straight  two-wire  transmission 
line  with  transversals  externally  coupled 
to  each  wire,  these  transversals  having 
overall  length  of  one  half  wave  length 
and  spaced  one  half  wave  length  apart 
along  the  transmission  line  so  that  each 
radiator  is  fed  in  phase  opposition  to  the 
preceding  one.  P.  S.  Carter.  No. 
1.967,395.  RCA. 

Iron  core  transformer.  A  power 
transformer  for  use  in  radio  frequency 
circuits  having  a  broad  transmission 
range,  the  core  of  which  consists  of  iron 
carbonyl  particles  of  less  than  .01  mm.  in 
size,  and  a  condensation  product  of 
phenol  for  insulating  the  particles. 
.\ndreas  Jaumann,  Siemens  &  Halske, 
Berlin.  No.  1,965,649. 

Receiving  transmission  line.  A  trans¬ 
mission  line  for  connecting  a  radio  an¬ 
tenna  and  a  remotely  located  radio  re¬ 
ceiver,  comprising  a  pair  of  twisted  con¬ 
ductors,  a  step-up  transformer,  and  a 
step-down  transformer.  Equal  disturb¬ 
ing  voltage  impulses  neutralize  each 
other  thereby  reducing  undesirable  dis¬ 
turbances.  Homer  J.  Loftis,  Radio  Cor¬ 
poration  of  America.  No.  1,965,660. 

Television  system.  Method  of  using 
a  cathode  ray  tube  by  causing  the  elec¬ 
tron  stream  to  produce  secondary  emis¬ 
sions;  the  secondary  electrons  are  ac¬ 


celerated  to  produce  an  image  through 
impact  upon  a  fluorescent  screen.  V’.  K. 
Zworykin,  R.C..A.  No.  1,955,899. 

Oscillograph.  Method  of  causing  a 
stream  of  electrons  to  rotate  to  trace  a 
continuous  coordinate  line  on  the  coat¬ 
ing  and  means  for  varying  the  velocity 
of  the  stream  to  face  a  second  coordinate 
line  whereby  a  voltage  wave  may  be  por¬ 
trayed  in  cylindrical  coordinates  on  the 
cylindrical  part  of  the  envelope.  H.  W. 
Parker,  Rogers  Radio  Tubes,  Ltd.  .\o. 
1,962,873. 

Recording  system.  An  arraiigemem 
for  recording  the  response  of  a  broad¬ 
cast  receiver  by  recording  the  wave 
length  to  which  a  radio  set  is  tuned 
C.  E.  Robinson,  R.C.A.  No.  1,9()1,17(» 

Input  system.  In  series  with  a  con 
ventional  shunt  circuit  input  to  a  radio 
receiver  is  an  inductance  shunted  !>> 
its  distributive  capacity  so  that  it  i> 
fixedly  resonant  to  a  frequency  above 
the  ’^'•quency  range  of  the  amplifier  so 
that  tile  ratio  of  signal  voltage  delivered 
to  the  amplifier  at  the  low  end  of  the 
range  to  that  delivered  at  the  high  end 
is  increased  from  a  value  of  the  order 
of  0.1  tp  a  value  of  the  order  of  (i.t) 
1’.  O.  Farnham,  assigned  to  R.C..\.  .\'o. 
1.961,140. 

Uniform  band  width.  .\  receiver  cir¬ 
cuit  for  maintaining  resonant  ban<l 
widths  of  the  coupling  system  exactlv 
constant  throughout  a  frequency  range. 
\V.  A.  MacDonald,  assigned  to  Hazel- 
tine  Corp.  No.  1,961,154. 

Carrier  wave  television  system.  .Ap¬ 
paratus  for  the  electrical  transmission 
of  images  by  generating  rf  carrier 
waves  of  different  frecjuencies.  .Alfred 
Whitaker,  'The  Gramophone  t  o.  .\o. 
1.962.417. 


Electron  tubes 

Cathode  ray  tube.  Electrostatic  de¬ 
flecting  plates  connected  to  outside  cir¬ 
cuits  through  flexible  coupling  rods. 
Kurt  Engel,  G.E.  Co.  No.  1,954,666. 

Electron  multiplier.  Means  for  pro 
ducing  a  modulated  electron  stream,  a 
pair  of  opposed  surfaces  to  liberate  elec¬ 
trons  by  secondary  emission,  and  mean' 
for  producing  a  potential  gradient  longi¬ 


tudinally  of  said  surfaces.  F.  T.  Farns¬ 
worth,  Television  Laboratories,  Inc.  No. 
1,969,399. 

Magnetron.  An  oscillation  generator 
using  a  tube  with  a  split  anode,  the  tube 
being  inserted  in  an  external  magnetic 
field.  N.  Douglas,  G.E.  Co.  No. 
1,961,820. 
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Glow  cathode.  Klectron  -  c-inissivc 
cathode  coiiiprisiiig  heater  element,  and 
refractory  enclosing  means  therefor 
comprising  dehydrated  silica-gel  im¬ 
pregnated  with  an  alkali  metal.  Werner 
lispe  and  Fritz  Evers,  (lermany.  No. 
1,954,474. 

Rectifier-amplifier.  Construction  for 
tube  combining  two  functions.  K.  C. 
Hlack,  R.F.L.  Inc.  .\pplication  April 
21,  1930.  No.  1,954,195. 

Multiple-unit  tube.  Three  tubes  in 
one  envelope,  of  the  heater  type,  with 
coupling  elements  within  envelope. 
Walter  Akemann,  .'\E(1.  No.  1,954,191. 

Construction  methods.  A  means  of 
supporting  the  electrode  assembly  in  a 
vacuum  tube  by  means  of  a  band  mem¬ 
ber  mounted  on  a  collar.  Victor  L. 
Ronci,  Brooklyn,  N.  Y.,  Bell  Telephone 
Laboratories.  No.  1,966,523. 

Photo  tube.  .\  photo-electric  cell  con¬ 
taining  a  getter  which  reacts  with  the 
free  alkali  metal  to  form  stable  com¬ 
pounds.  Harvey  C.  Kentschler,  ICast 
Orange,  and  Donald  F'.  Henry,  Bloom- 
held,  N.  J.,  Westinghouse  Lamp  Com- 
l)any.  No.  1,966,219. 


Electron  Tube  Applications 

Relaxation  oscillator.  Polyphase  os 
cdlator.  including  several  tubes,  inter- 


conuected  network,  etc.  K.  M.  Page. 
Washington,  D.  C.  No.  1,972,535. 

A-c  d-c  system.  .K  method  of  supply¬ 
ing  anode  current  from  a  source  of  a-c 
or  a  source  of  d-c  comprising  a  full-wave 
rectifier  w’hich  may  be  used  for  voltage 
doubling  on  a-c.  Sarkes  Tarzian,  .At¬ 
water  Kent  Mfg.  Co.  No.  1,972,279. 

Reactance  meter.  .\  transformer  with 
a  capacity  for  tuning  a  portion  of  trans- 
iormer  to  a  predetermined  frecpiency. 
The  unknown  reactance  is  connected 
across  another  portion  of  the  trans¬ 


former  so  that  the  freeptency  is  altered. 
Means  are  provided  for  changing  the 
tuning  so  that  the  frequency  is  restored 
to  its  first  value.  A.  W.  Ba’^ber,  Premier 
Crystal  Labs.,  Inc.  Nr  1,971,310. 

Regulating  system.  \  speed-regulat¬ 
ing  system  for  rotating  .nachine,  involv¬ 
ing  changing  the  phase  of  a  tube  grid 


with  respect  to  its  voltage  to  adjust  its 
conductivity.  S.  A.  Staege,  WE&M  Co. 
No.  1,968,575. 

Measuring  system.  Indicating  or 
measuring  the  distortion  of  telegraph 
signals  by  means  of  a  cathode  ray  tube. 
No.  1,969,573,  A.  W.  Montgomery  and 
\’.  J.  Terry,  W.E.  Co. 

Oil  tester.  Light  sensitive  method  of 
testing  the  characteristics  of  oils.  V.  A. 
Schoenberg,  Light  Research  Corp.  Re¬ 
issue  No.  19,255. 

Standard  frequency  apparatus.  .\ 
pendulum  alters  the  grid  bias  on  a  tube 
periodically  by  interrupting  a  light  shin¬ 
ing  through  a  photocell.  Corresponding 
impulses  of  plate  current  operate  a  tim¬ 
ing  device  and  maintain  the  pendulum 
in  motion.  V.  FL  Trouant,  W.E.&M. 
Co.  No.  1,971,086. 

Door  opener.  Light-sensitive  cell  sys¬ 
tem  with  electro-hydraulic  means  which 
is  maintained  energized  for  a  certain 
length  of  time  before  the  door  is  re¬ 
turned  to  its  original  position.  .\.  S. 
I'itzgerald,  G.F'.  Co.  No.  1,972,682. 

Motor  control.  rectifier  supplies 
d-c  from  an  a-c  circuit  to  a  d-c  motor 
whose  speed  is  controlled  by  variations 
in  the  characteristics  of  the  motor  vary¬ 
ing  the  temperature  of  the  cathode  of  a 
thermionic  tube.  F.  W.  Meyer,  Cutler 
Hammer,  Inc.  No.  1,972,689. 

Illumination  control.  A  saturable  re¬ 
actance  system  involving  a  triode  recti¬ 
fier,  etc.  C.  G.  Suits,  G.F'.  Co.  No. 
1,972,696. 

Vacuum  gage.  .An  ionization  tube  with 
two  filaments  designed  to  indicate 
vacuum  pressure.  O.  T.  .Mcllvaine,  Mc- 
llvaine  I’atent  Corp.  No.  1,971,423. 

Ignition  interference.  In  an  automo¬ 
bile  ignition  system  which  produces  os¬ 
cillations  causing  interference  to  radio 
apparatus,  means  for  suppressing  such 
disturbance  by  means  of  inductances 
having  low  direct-current  resistance,  low 
ilistributed  capacity,  and  high  inductive 
reactance.  J.  M.  Miller,  .Atwater  Kent 
Mfg.  Co.  No.  1,971,497. 

Bandit  alarm.  Apparatus  for  detect¬ 
ing  the  presence  of  magnetic  material 
carried  through  a  doorway  by  placing  an 
electro-magnetic  field  around  the  door 
which  is  disturbed  when  magnetic  ma¬ 


terial  is  carried  through  the  door.  These 
disturbances  are  amplified,  rectified,  and 
operate  an  alarm  system.  A.  C.  Wood¬ 
ward.  Greensburg,  Ind.  No.  1,971,549. 

Frequency  and  load  control.  .A 
thermionic  tube  method  of  controlling 
the  frequency  and  load  of  power  gener¬ 
ating  apparatus.  C.  .A.  Hoxie,  G.E.  Co. 
No.  1.971,818. 

Relay.  A  lock-in  relay  comprising  a 
photocell,  a  triode,  a  screen  grid  tube 
and  a  gaseous  relay  tube.  T.  H.  Long. 
W.E.&M.  Co.  No.  1,971,823. 

Speed  control  system.  In  a  control 
system  for  a  direct  current  press  drive 
motor  driven  by  means  of  a  rectifier 
from  a-c,  thermionic  tube  means  foi 


starting  the  motor  at  low  speed  and 
bringing  it  up  to  the  proper  speed.  H.  R. 
Behr,  assigned  to  A.  J.  Cline,  Chicago. 
No.  1,970,507. 

Potentiometric  indicator.  Use  of  a 
triode  condenser  and  resistance,  etc.,  for 
indicating  potentiometer  voltages.  R.  W. 
Gilbert,  Neshanic,  N.  J.  No.  1,972,141. 

Control  system.  Light-sensitive  sys¬ 
tem  with  a  means  for  projecting  a 
traveling  beam  of  light  so  that  the  same 


bundle  of  rays  sweeps  over  difierent 
areas  of  an  impinged  object.  44  Claims. 
C.  O.  Fairchild,  C.  J.  Tagliabue  Mfg. 
Co.  No.  1,970,559. 


Patent  suits 

1,231,764,  F.  Lowenstein,  Telephone  re¬ 
lay:  1,618,017,  same.  Wireless  telegraph 
apparatus:  1,403,475,  H.  D.  .Arnold,  Vac¬ 
uum  tube  circuit:  1.465,332,  same.  Vacuum 
tube  amplifier:  1,403,932,  R.  H.  Wilson, 
Electron  discharge  device:  1,573,374,  P.  A. 
Chamberlain,  Radio  condenser:  1,702,833, 
W.  S.  Lemmon,  Electrical  condenser; 
1,811,095,  H.  J.  Round,  Thermionic  ampli¬ 
fier  and  detector:  Re.  18,579,  Ballantine 
&  Hull.  Demodulator  and  method  of  de¬ 
modulation.  D.  C.,  E.  D.  Mich.  (Detroit), 
Doc.  6370,  Radio  Corp.  of  America  et  al. 

V.  Mark’s  Stores,  Inc.  Decree  for  plain¬ 
tiff  June  18,  19.34. 

1.710,073,  1,714,191,  S.  Ruben.  Electrical 
condenser,  filed  June  19,  1934,  D.  C.,  E.  D. 
N.  Y..  Doc.  E  7288,  Ruben  Condenser  Co. 
et  al.  V.  Copeland  Refrigeration  Corp. 

1,.334.118.  C.  W.  Rice,  System  for  ampli¬ 
fication  of  small  currents:  1,501,831,  E.  F. 
.Alexanderson,  Wireless  signaling  system; 
1,522,221,  same.  Method  of  and  means  for 
controlling  alternating  currents;  1,617,974, 

W.  C.  White,  Wireless  signaling  system ; 
1,778,457,  I.  Langmuir,  Alternating  cur¬ 
rent  generation,  filed  Dec.  5.  1933,  D.  C. 
Mass.,  Doc.  E  3948.  General  Electric  Co.  v. 
Hygrade  Sylvania  Corp. 

1,639,713,  A.  F.  Sykes,  Reproduction  of 
sound;  1,885,001,  H.  F.  Olson,  .Apparatus 
for  converting  sound  vibrations  into  elec¬ 
trical  variations;  1,897,732,  Olson  &  Kreuz- 
er.  System  for  the  conversion  and  trans¬ 
fer  of  energv,  filed  June  16.  1934,  D.  C.. 
S.  D.  N.  Y..  Doc.  E  78/201,  Radio  Corp. 
of  .America  v.  W.  A.  Bruno  et  al.  (Bruno 
Laboratories). 

1.5.33,858,  L.  A.  Hazeltine,  Method  of 
and  means  for  neutralizing  capacity  coup¬ 
ling  in  audions,  D.  C.,  E.  D.  Pa.,  Doc. 
6549,  Ha  eltine  Corp.  v.  A.  A.  Kent.  Dis¬ 
continued  without  prejudice  Apr.  24,  1934. 

1,423,956,  Mitchell  &  White,  Tipless  in¬ 
candescent  lamp,  D.  C.,  E.  D.  N.  Y.,  Doc. 
E  7143,  General  Electric  Co.  v.  Amplex 
Electronic  Products,  Inc.,  et  al.  Consent 
decree  for  plaintiff  June  12,  1934. 
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BRITISH  PATENTS 

British  patents  are  important  to  American  readers  because  these 
disclosures  often  forecast  corresponding  U.  S.  patents 
which  may  not  be  issued  until  a  year  later. 


Harmonic  eliminator.  Method  of  re¬ 
ducing  harmonics  from  the  output  of  a 
valve  of  an  oscillator  by  connecting  two 
or  more  acceptor  circuits  tuned  to  the 
various  harmonics,  as  shunts  across  the 
whole  or  part  of  the  main  oscillatory  cir¬ 
cuit.  Marconi  Co.  No.  410,182. 

Noise  suppressor  system.  A  receiver 
is  made  quiet  in  the  absence  of  a  car¬ 


rier  by  paralyzing  the  first  low  fre¬ 
quency  amplifier.  Cromwell,  Ltd.  No. 
410,010. 

Noise  suppressor.  A  muting  device 
in  a  superheterodyne  receiver  comprises 
a  circuit  so  sharply  tuned  to  the  inter¬ 
mediate  frequency  that  the  set  is  in 
operative  unless  the  frequency  about 
which  the  frequencies  in  the  output  of 
the  first  detector  are  centered  differs  by 
less  than  1,000  cycles  from  the  inter¬ 
mediate  frequency  for  which  the  set  is 
tuned.  In  one  method  the  tuned  cir¬ 


cuit  comprises  a  piezo-electric  crystal 
tuned  to  the  intermediate  frequency. 
G.  E.  Co.  No.  410,549. 

Getter  material.  A  getter  consisting 
of  alkali  and  alkaline  earth  metals  or 
their  compounds  is  introduced  into  the 
envelope  or  an  extension  and  the  get¬ 
ter  is  evaporated  simultaneously  with 
the  sealing  of  the  tube  from  the  pump 
or  the  extension  from  the  envelopes.  In 
one  method,  the  getter  is  placed  near 
where  sealing  off  will  occur,  and  this 
place  is  then  heated.  The  getter 
vaporizes  simultaneously  with  the  melt¬ 
ing  of  the  glass  and  effecting  of  the 
seal.  In  a  modification,  the  getter  is 


placed  in  a  hard  glass  or  metal  exten¬ 
sion  which  is  melted  off  when  the  get¬ 
ter  is  vaporized.  The  extension  may  be 
connected  to  the  tube  b>  a  glass  tube 
which  is  afterwards  sealed  off.  H.  von 
Hartel,  Berlin.  No.  404,170. 

Oscillator.  Particularly  for  use  on 
short  wave  superheterodyne  receivers, 
a  frequency  determined  circuit  included 
in  the  feed-back  coupling  consisting  of  a 
variable  inductance,  a  variable  capacity 
and  a  fixed  capacity.  The  idea  is  to 
maintain  an  optimum  output-frequency 
chracteristic  throughout  the  tuning 
range,  and  may  be  so  chosen  as  to  fa¬ 
cilitate  the  ganging  of  the  oscillator  and 
signal  circuits.  II.  G.  C.  Fairweather, 
Hazeltine  Corp.  No.  405,768. 

Selective  system.  In  a  highly  selective 
receiver  the  tuning  is  automatically 
controlled  by  means  responsive  to 
changes  in  the  frequency  of  the  incom¬ 
ing  signals.  J.  Robinson  and  British 
Radiostat  Corp.  No.  407,057. 

Short  wave  receiver.  Instead  of  using 
band-pass  filters  when  operating  at 
about  7  meters  and  suitable  for  tele¬ 
vision  transmission,  semi-aperiodic  os¬ 
cillating  chokes  are  used.  These  con¬ 
stitute  damped  and  tunable  circuits  hav¬ 
ing  a  logarithmic  decrement  whose 
value  lies  between  1  and  4;  this  is 
practicable  because  the  side-band  is 
relatively  narrow  for  short  wave¬ 
lengths.  M.  Von  .\rdenne,  Berlin.  No. 
407,166. 

Automatic  volume  control.  Signal  is 
rectified  and  the  direct  current  com¬ 
ponent  of  the  voltage  produced  is  atn- 
plified  and  applied  to  effect  the  gain 
control  through  a  smoothing  network 
incorporating  a  device  having  a  uni¬ 
lateral  characteristic  so  that  the  control 
voltage  is  effective  only  when  it  is  nega¬ 
tive  with  respect  to  the  amplifier  tube 
cathodes.  E.  Y.  Robinson,  .\ssociated 
Electrical  Industries.  No.  407,317. 

Thermionic  cathodes.  Hot  cathode 
materials  comprise  admixtures  of  oxides 
of  cobalt  and  nickel.  Oxides  of  zinc, 
copper,  aluminum,  barium  and  mag¬ 
nesium  may  be  added,  or  may  be  sub¬ 
stituted  for  the  nickel  and  cobalt.  The 
mixtures  in  solid  form  may  be  obtained 
by  melting  the  oxides  together,  or  by- 
precipitation,  or  by  oxidising  alloys. 
Solutions  or  melts  of  nitrates  or  car¬ 
bonates  may  be  heated  on  a  porcelain 
or  other  nonconducting  support,  for 
example,  an  aqueous  solution  of  10  per 
cent  cobalt  nitrate  and  10  per  cent  nickel 
nitrate  may  be  formed  into  an  oxide 
coating.  The  oxide  mixture  may  be  sin¬ 
tered  by  further  heating,  under  pressure 
if  necessarv.  International  G.  E.  Co. 
No.  404,598. 

Oscillating  generator.  A  screen  grid 
tube  having  tuned  output  and  input  cir¬ 
cuits  coupled  by  two  lines  several  half¬ 
wave  lengths  long.  The  circuits  are 
grounded  as  regards  the  working  fre¬ 
quency  so  that  the  long  lines  are  ener¬ 
gized  in  phase  opposition  and  radiation 
is  reduced.  Marconi  Co.  No.  409,986. 


Short  wave  oscillator.  A  generator 
for  waves  below  50  meters  of  the  type 
in  which  the  natural  periodicity  of  the 
electron  oscillation  about  the  grid  cor¬ 
responds  with  incoming  signals.  hL  VV. 
B.  Gill,  Marconi  Co.  No.  404,708. 

Superheterodyne  receiver.  Method  of 
operating  on  the  intermediate  frequency 
amplifier  to  prevent  the  passage  to  the 
second  detector  of  frequencies  on  either 
side  of  the  intermediate  frequency  so 
that  interference  due  to  an  unwanted 
transmission  can  be  eliminated.  In  one 
circuit  a  balanced  bridge  is  utilized. 
W.  Baggally.  No.  410,225. 

Super-regenerative  receiver.  The  in¬ 
put  circuit  has  the  grid  connected  in 
push-pull  and  the  quenching-frequency 
source  is  coupled  to  the  cathodes  of  the 
tubes  in  push-pull.  Marconi  Co.  No. 
410,275.  See  also  No.  410,276  on  super- 
regenerative  receiver  circuit. 

Inter-tube  network.  Unmatched 
filters  for  use  as  inter-tube  coupling  in 
the  intermediate  -  frequency  amplifier 
comprises  two  or  more  series  arms 
tuned  to  the  desired  frequency,  and 
shunt  arms  tuned  to  produce  a  sharp 
cut-off.  Marconi  Co.  No.  410,499. 

Tone  control.  .'\  tone  regulating  net¬ 
work  •omprising  a  transformer  in  the 
plate  circuit  of  an  amplifier  is  shunted 


by  conden.sers  and  variable  resistances. 
Electric  &  Musical  Industries,  Ltd.  No. 
410,119. 

Broad  band  receiver.  In  a  receiver 
designed  to  cover  a  greatly  extended 
scale  of  wave  lengths,  means  are  pro¬ 
vided  for  subdividing  the  entire  range 
into  a  smaller  number,  over  each  of 
which  the  full  movement  of  the  tuning 
condenser  is  employed.  The  receiver  is 
a  superheterodyne  circuit  in  which  in¬ 
terference  due  to  beating  of  an  unde¬ 
sired  signal  with  the  carrier  is  pre¬ 
vented  by  making  the  oscillator  gener¬ 
ate  square-topped  waves  by  having  the 
grid  positively  biased.  The  oscillator 
therefore  acts  as  a  commutator  inter¬ 
rupting  the  anode  current  of  the  mixing 
tube  at  the  intermediate  frequency. 
L.  L.  Kramolin,  Berlin.  No.  409,737. 
See  also  409,756,  Kramolin,  on  a  method 
of  preventing  interference  in  super¬ 
heterodyne  receivers. 

Regenerative  circuit.  In  a  plate  or 
grid  circuit  detector,  constant  regenera¬ 
tion  is  obtained  by  the  provision  of  a 
choke  in  the  plate  circuit  arranged  to 
resonate  at  a  frequency  just  below  the 
band  to  be  covered  while  the  regenera¬ 
tive  coil  is  arranged  to  resonate  at  a 
frequency  just  above  the  band  to  be 
covered.  The  bypass  condenser  across 
the  output  of  the  tube  has  ten  times 
higher  capacity  than  the  feed-back  con¬ 
denser  while  the  feed-back  condenser 
and  feed-back  coil  have  high  losses. 
Cromwell,  Ltd.  No.  409,915. 


334 


October,  1934  —  ELECTRONICS 


